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INTRODUCTION 


Evolving education, as evolving life, is a process of adaptation to change. 
Nowhere is change more rapid and continuing than in the sciences, and 
nowhere in the sciences are advances being made more rapidly than in 
biology. 

Just as biological evolution tests the mettle of organisms, so does edu- 
cational evolution place adaptive stress upon us as teachers. Out of this 
stress grows understanding—and an adaptation to evolving curricula. To 
facilitate for busy teachers the requisite understanding and use of new 
curricular materials, this manual for the textbook BIOLOGICAL SCIENCE: 
AN INQUIRY INTO LIFE was created. 

_ For each chapter in the textbook, a 
vided in this manual. The rationale bri 
the chapter, and also serves to identify the chapter in relation to other 
Geers and to the general pattern of the entire course. From a collec- 
fhe. reading of the rationales it is hoped that the teacher’s appreciation of 

e pattern, organization, and emphasis of the textbook will be reinforced 
and that classroom activities can better be directed in a purposeful and 
integrated fashion. 

Following the rationale for each chapter are answers to the end-of- 
chapter questions. In the textbook, the questions are listed roughly in 
order of increasing difficulty, from the relatively simple to the more de- 
manding; teachers can thus assign the questions to students according to 
a selective estimate of student abilities. The answers as given in this 
manual are not intended as models for student responses, but rather as 
indicators on which to base classroom discussions of the adequacy of 
Student responses. 

The bibliographical references t 


teacher’s rationale has been pro- 
ngs into focus the critical ideas of 


hat follow the answer section for each 


chapter are selected for modernity, accuracy, and variety in depth of 
Coverage. Some of the books listed are elementary, others quite special- 
ized and advanced. Thus, the teacher has a selection from which to pick 
appropriate books for interested students of varying abilities. 

A broad variety of films is listed for each chapter, to provide an audio- 
visual selection from which the teacher may choose, for preview and 


class use, whatever films are thought necessary. 
If this manual serves to facilitate the classroom use of BIOLOGICAL 


SCIENCE. AN INQUIRY INTO LIFE, the effort spent in preparation of 
these materials will have been most amply repaid. While fully recognizing 
the debt to others for their contributions, the undersigned assumes re- 


Sponsibility for any errors of omission or commission. Teacher comment 
for incorporation into future editions of this manual will be gratefully 
acknowledged. 

William V. Mayer 

Wayne State University 


December 3, 1963 


Commentary for the Teacher 


Chapter 1 BIOLOGY— 
WHAT IS IT ABOUT? 


RATIONALE 


To introduce students to biology, Chapter 1 briefly presents three dif- 
ferent perspectives of the structure of this vast science. First is a 
glimpse of biology in terms of the arbitrary (but necessary) division of 
the whole into a number of major areas of study. Second is another 
glimpse in terms of the basic patterns or themes in life that relate every 
organism to every other one. Third is the history of a biological problem, 
one from among hundreds of thousands, reconstructed to suggest how 


biological knowledge is gained where little or none was known before. 
All that biology is cannot be introduced in one chapter; the entire high 
i . Iti propriate to caution that 


for elaborate study and discussion (which 


knowledge). 
What Chapter 1 first mentions will recur again and again, each time 


more meaningfully, as students proceed with their reading and with their 
laboratory investigations. One partial exception is the case history of a 
biological problem: its subject matter, malaria, the world’s major dis- 
ease of man, will not be treated elsewhere—but the topic of biological 
problems (whatever they may concern) will be treated continuously. Ma- 
laria and the history of man’s concern with it serve here to introduce 
students to such terms and ideas as hypothesis, deduction, experiment, 
data, and some of the ways in which these are used to reach a verifiable 


conclusion—that is, knowledge. 
The usefulness of Chapter 1, as it briefly has been analyzed here, fits 
well with the recognition that the first days of class are unusually busy. 


The chapter can be assigned largely (or entirely) as the homework as- 
signment for the first few days- 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text poge 22) 


1. a. Morphology is the science of structure of living things. 


b. Physiology is the science of function of living things. 
c. Function cannot be understood without a knowledge of the structures 


1 


10. 


11. M 


groups of organisms in relation to their total living and nonliving 
environments. 


On the basis of the data, it is a reasonable prediction, H 
wipe out such diseases as smallpox and 


Their remains have been preserved in the rocks as fossils. 


they are remnants of structures that did h 


tives of the horse; thus, the idea that structure implies function is 
not refuted categorically, 


a. Deep, relatively soft, mois 
and low water tables. 

b. Very wet soil. 

cA Swampy or boggy area. 

d. A pond, stream, or lake area; also 
pools of water. 


e. A desert or area of low rainfall. 


t soil; or, arid areas of infrequent rains 


, a meadow or woods with standing 


REFERENCES 


Chapter 3 of the BSCS Teachers’ Handbook* elaborates on the major 
biological themes and contains a discussion of the use of the term ‘‘the- 
ory.” Chapter 4 of the Teachers’ Handbook introduces teaching through 
“Invitations to Enquiry,” which will be cited frequently in subsequent 
course work; Invitation No. 10, which may be used with Chapter 1 of the 
textbook, is concerned with the relationships of environment and disease, 
and with the phenomena of hypothesis and experiment. 

The following issues of Scientific American will be found of value for 
the topics named: 


Malaria—June 1952, page 22; May 1962, page 86. 
Mosquitoes as Disease Vectors—September 1949, page 18; June 1952, 
page 22; October 1952, page 21; February 1954, page 30 


FILMS 


Cell Biology, Part I: The World of Life, No. 1, 1961, (sd, c, 28 min), p or 
r, AIBS (McGraw-Hill) 


Chapter 2 LIFE FROM LIFE 


RATIONALE 


At the beginning of Chapter 2, students are asked, ‘What is life?” This 
is the ultimate question of all biology, and the students are led to under- 
Stand that their definitions are inadequate, that life is almost impossible 
to define. The question is redirected toward the origin of living things, 
and the remainder of the chapter focuses upon one aspect of this origin— 
the source of organisms that appear in rain puddles, refilled ponds, hay 
or yeast infusions, and wherever else life is observed where none was 
believed to exist before. Chapter 2 thus reconstructs the biogenesis- 
abiogenesis controversy. 

Students will no more be able to give a complete definition of life at the 
end of this chapter than they could at the beginning. However, they will 
have thoroughly established the concept of all life from life. A description 

- (not a definition) of life that will be satisfactory can await student experi- 
€nce with further topics in the text and with organisms in the laboratory. 

This chapter again approaches biology historically—through the search 
for answers to biological problems initially raised long ago. Biological 
thought beginning with the reflective, only rarely partly experimental ap- 
proaches of Aristotle and of van Helmont is reviewed, and the experimental 
method made famous by Redi, leading to confirmation of results, is intro- 
duced. The pattern from observation to hypothesis to deduction to experi- 
ment to conclusion is exemplified by the work of Redi, Joblot, and Pasteur. 
All these examples should reinforce the students’ understanding of the sci- 
entific process introduced in Chapter 1. The discrediting by Pasteur of the 
hypothesis of abiogenesis is the capstone of this chapter’s use of experi- 
mental method. = 
*Biology Teachers’ Handbook, Biological Sciences Curriculum Study, published by 
John Wiley & Sons, New York, 1963 


later (Chapter 36). 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text Page 43) 


i, 


10. P 


11. R 


his hypothesis when only one of twenty fl 
with microorganisms, 


asteur’s use of 60 flasks demonstrated the r 


they demonstrated that many so-called examples of spontaneous gen- 
eration were not, and could be explained more scientifically as ex- 
amples of reproduction. 

12. Only by performing every conceivable experiment could spontaneous 
generation be entirely disproved. As this is manifestly impossible, 
spontaneous generation will never be disproved entirely. However, 
the experiments of Redi and Pasteur were so convincing and complete 
that there has been no serious question about reviewing the classical 
interpretation of spontaneous generation; thus, there has been no 
necessity to continue experimentation along these lines. 


REFERENCES 


Invitations 6 and 7 from the “Invitations to Enquiry’’ in the Teachers’ 
Handbook (see footnote, page three of this Teacher’s Manual) may be used 
either here, in relation to the planning and control of experiments, or later 
with Chapter 4 of the text. 

Useful books: 
Dubois, Rene. 1960. Pasteur and Modern Science, Doubleday Anchor 

Books, New York (Wesleyan University Press, Columbia 16, Ohio, han- 

dles distribution for secondary school students and teachers.) 
Lindsay, Jean. 1959. A Short History of Science. Doubleday Anchor 
Books, New York (VI: ‘‘The Development of Scientific Instruments,”’ 
and XI: ‘Pasteur and the Problems Presented by Bacteria.’’) 
Nordenskiold, E. 1960. The History of Biology. Tudor, New York. 
Sarton, G. 1952. The History of Science, Harvard University Press, 

Cambridge (Mass.) 

Wightman, W. P. D. 1951. The Growth of Scientific Ideas, Yale Univer- 
sity Press, New Haven (Conn.) (Part 2 deals with nature and life.) 


FILMS 


Continuity of Life: The Characteristics of Plants and Animals, 1954, (sd, 
b&w or c, 10 min), p or r, Indiana 

Patterns of Life: Living or Non-Living, 1959, (sd, b&w, 29 min), p or r, 
Indiana 

Microbiology, Part II: The Very Small, No. 1, 1961, (sd, c, 28 min), p or 
r, AIBS (McGraw-Hill) 


chapter BASIC STRUCTURE 


RATIONALE 


The primary purpose of Chapter 3 is to enable students to develop an 
awareness of the unity of structure in plants and animals. From their in- 
troduction to basic structure in this chapter, they will be led to an under- 
Standing of basic functions in Chapters 4, 5, 6, and 7 (and to an increasing 
understanding of basic structure). 


The concept of unity of structural organization is developed through the 
historical emergence of the cell theory. Students are led through the dis- 
covery of cells, the elaboration of cellular structure in terms of cell 
walls, the critical redefinition by Schwann in terms of cell contents rather 
than cell walls (permitting recognition of cells in animals as well as in 
plants), and Virchow’s lasting contribution explaining the origin of cells 
by division of other cells. (Students could well be asked how Virchow’s 
observations must have contributed to the downfall of the hypothesis of 
spontaneous generation.) j 

Once again, as in Chapters 1 and 2, the methods of biological investiga- 
tion are carefully recorded. It is not so much the cell theory as known to- 
day, but rather how it came to be, that receives the emphasis. Afterward, 
students are acquainted with some of the structures within plant and ani- 
mal cells—structures common to both types, and other structures found 
in one type of cell but not the other. The nuclear phenomenon of mitosis, 
followed by cell division, is also introduced. However, neither cellular de- 
tails nor the features of mitosis should be dealt with in detail here; they 
will be treated further in Ghapters 6 and 7. 

Chapter 3 does another thing. It distinguishes clearly between data- 
gathering, or observations ber se (such as those of Hooke), and the organ- 
ization of these observations into a meaningful pattern or broad biologi- 
cal generalization (such as the hypothesis that became the cell theory). 
The difference between basic science and applied technological science 
is also discussed; students are brought to a realization that neither ex- 
ists without the other, and that both are essential for the progress of sci- 
ence and the increasing benefit of mankind, 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 64) 


1. The major problems were food and protection. Early man required 


, but the different kinds of plants and 

whether they were edible, He also needed to protect himself from 
dangerous animals, especially the larger carnivores (which, like him- 
self, required food in order to live), 

2. Parts of wild plants were used for food, shelter, medicine, tools, and 
other similar purposes, 

3. By knowing the buffalo, its anatomy, its 
and when it generally could be found, th 
stampede .and slaughter it wholesale an 


of food, clothing, shelter, boats, cookin, 
and fuel. 


“herd instincts,’’ and where 
e Plains Indians were able to 
d use it as their main source 
& vessels, tools, toys, glue, 


7 id, and was the for of 
science. Only recently i , 2 erunner 
diverged; even toda: 


$ , the distinction 
easily demonstrable 


5. Probably not. The highly impractical and abstract discovery of ‘‘pure 
science’’ today may become a basic and important part of the tech- 
nology of tomorrow. 

6. A compound microscope would be less useful to a chemist, since it 
could not reveal to him the molecular or atomic structure of the sub- 
stances with which he works. The biologist, on the other hand, while 
he, too, is interested in chemistry (the chemistry of living things), 
deals more often with materials whose activity is associated with 
highly organized structures visible under the microscope. 

7. Hooke discovered and named ‘“‘cells’’ and used his discovery of them 
to explain the properties of cork. 

8. Insofar as Hooke made organized observations about the cellular 
structure of cork and used these observations to explain the known 
properties of cork, his observations do come under the heading of 
“science.’? They were not broad enough to be called science itself, 
however. 

9. The first scientific societies and their publications developed interest 
in science by providing a means for those interested in science to 
meet, exchange observations, and discuss their problems and ques- 
tions. Such interchange often was responsible for experimental ideas 
that led to later discoveries of major importance. 

10. Schwann extended the concept of the cell to animals by emphasizing 
the importance of the nucleus and its surrounding cytoplasm, rather 
than the presence of a thick cell wall as in plants. 

11. Schwann defined a cell as a structure with a nucleus, some surround- 
ing substance, and some sort of a wall or membrane. 

12. Schwann believed new cells were formed spontaneously, but Virchow 
maintained that all cells came from pre-existing cells. 

13. The chemicals used to treat cells can create artifacts that may ap- 
pear to be normal cell inclusions. These observations can be checked, 
however, either by looking at living cells or by utilizing many differ- 
ent staining and cellular preparation techniques. 

14. A nucleus, nucleoli, chromosomes, a nuclear membrane, cytoplasm, 
mitochondria, Golgi bodies, ribosomes, and a cell membrane. 

15. Mitochondria are important in making energy available to the cell. 
The chromosomes control all activities of the cell and contain the 
code that carries the hereditary instructions for perpetuation of the 
individual race of organisms. Chloroplasts contain chlorophyll, nec- 


essary for photosynthesis. 


REFERENCES 

Invitations 1 and 2 from the ‘‘Invitations to Enquiry?’ in the Teachers’ 
Handbook deal with the cell and its nucleus and should be used in class- 
room discussions at this point. 


Useful books: jl 
Newman, J. R. (ed.), 1955. What is Science ? Simon and Schuster, New 


York 
Porter, E., and M. A. Bonneville. 1963. An Introduction to the Fine Struc- 


ture of Cells and Tissues. Lea and Febiger, Philadelphia 
Toulmin, S. 1960. The Philosophy of Science, Harper Torchbooks, New 
York 


Articles in journals: 


Baserga, R., and W. E. Kisieleski. 1963. ‘Autobiographies of Cells.’’ 
Sci, Am. 209 [2] 103 


DaC. Andrade, E. N. 1954. ‘Robert Hooke.” Sci. Am. 191 [6] 94 
Schwab, J. J. 1960. ‘What Do Scientists Do?” Behavioral Science, 5 
[1] 


FILMS 


Cell Biology, Part I: The Unit of Life, No. 2, 1960, (sd, c, 28 min), p or r, 
AIBS (McGraw-Hill) 


The Cell—Structural Unit of Life, 1949, (sd, b&w or c, 11 min), por r, 
Coronet 


chapter 4 BASIC FUNCTIONS 


RATIONALE 


The basic idea of this chapter is the firm establishment of the fact that 
biological function is explicable in terms of the laws of chemistry and 


physics—the same laws, essentially, that apply to nonliving materials of 
the earth. 


Again, in this chapter, students return to the question, 


cesses. The his- 
nues to use the terms and ideas of hypothesis, 


deduction, theory, and other characteristic features of Scientific method- 


ology. 
One of the most difficult problems of biolo; 
no longer be bypassed or ignored—is winning students t 


, but with implicit answers to the 
in a biology course?” Chapter 4 leads histori- 
Cally from the first discoveri iti i 


he theory of vitalism, the co 
bly that Physiological probl a 


: €ms are approachable b the methods of chem- 
istry and Physics—that, in fact i 


“primed” by the easy ap- 


tach of Chapter 4 for the ek by way of chem- 
6 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text pages 91-92) 


if 


10. 


Because the mechanist assumes that life can be explained entirely in 
chemical and physical terms, his assumptions and hypotheses are 
subject to verification by experiment. The vitalist, however, assumes 
that life is made possible by a special force; he cannot verify his 
assumptions because the special force is not subject to experiment. 
Van Helmont thought that the water was converted into the living sub- 
stance of the willow tree. If he had known that water was merely a 
compound of hydrogen and oxygen, and that carbon, nitrogen and a 
great number of other elements made up the substance of the tree, 
he would have known that his conclusion was incomplete. Water alone 
could not have provided all these elements. 
The phlogiston theory assumed that after a substance burned, its re- 
mains would be lighter in weight (because the ‘“‘phlogiston”’ it con- 
tained would have burned off). However, with the advent of scales and 
balances it was found, in the case of burning such substances as cop- 
per, that the weight actually increased, which cast severe doubt on 
the validity of the phlogiston theory. 
Experiment showed that the gain in weight of the burned material 
(phosphorus) was exactly equal to the loss in weight of the surround- 
ing air, and, moreover, that only 1/5 of the air (by volume) appeared 
to be usable in this process. Lavoisier postulated that air consisted 
of two parts or gases, one that will combine with burning phosphorus 
and another that will not. 
Observations indicated that the gas given off by fermentation was car- 
bon dioxide, which would support neither burning nor respiration. 
Priestley’s investigations of carbon dioxide led eventually to his dis- 
covery of oxygen and its relationship to photosynthesis. 
Among other things, Priestley liberated oxygen from red oxide of 
mercury. Lavoisier related this finding to his own work with the com- 
bustion of phosphorus, then guessed the relationship that led to his 
completion of the cycle shown in Figure 4-8, page 78. 
Use of the chemical balance showed that the ratio of different ele- 
ments in a compound always was the same. The fact that the elements 
in a compound occur in constant proportion by weight led Dalton to the 
formulation of the atomic theory. 
a. Matter is composed of particles that are indestructible, indivis- 
ible, and discrete. 
b. All atoms of a single element are alike. 
c. The atoms of different elements differ from one another. 
d. Compounds are formed by the union of atoms, and only whole atoms 
can combine. F 
Prior to the time of Wohler, it was believed that inorganic and organic 
compounds were separate and unrelated. Wöhler’s synthesis of an or- 
ganic compound indicated that this was not so. Wöhler’s synthesis of 
urea, however, was accomplished with materials of organic source. 
One of his students, Kolbe, performed the first synthesis of an or- 
ganic compound solely from inorganic materials. 
Oxidation in both nonliving and living substances requires oxygen, 
produces heat, involves the conservation of mass, gives off carbon 
dioxide, and produces water. In the case of fire, the oxidation is 
rapid, but in the case of rust, the oxidation is slow. Oxidation in living 


9 


i fully 
systems takes place at a controlled rate and is used asa care 
aled energy-release mechanism; often there is an associated 
mechanism for oxygen distribution and for maintaining a certain 
level of oxygen supply. A 5 

11. The specific chemical nature of diastase was established by its ex- 
traction from barley seeds, filtration, and precipitation with alcohol. 
12. The discoveries from the seventeenth to the end of the nineteenth 


REFERENCES 


Useful books: 
Bertalanffy, L., von. 1960. Problems of Life. Harper Torchbooks, New 
York 


A lucid account of vitalism and mechanism is included, 
Burtt, E. A. 1954, Metaphysical Foundation 


s of Modern Science, Double- 
day Anchor Books, New York 
Danto, A., and S. Morgenbesser. 1960, Philosophy of Science, Meridian 
Books, New York 


Schrodinger, E. 1956. What is Life? Doubleday Anchor Books, New York 
Toulmin, S. 1960, Philosophy of Science, Harper Torchbooks, New York 
Articles in journals: 

Atomic Theory Models. Mentioned in 1956 Sci, Am. 195 [5] 93 

Duveen, D. I. 1956. “Lavoisier.” Sci, Am. 194 [5] 84 


Organic Chemical Reactions. Mentioned in 1957 Sci 17 
Pfeiffer, J. E. 1948. ci. Am. 197 [5] 1 


“Enzymes.” Sci. Am. 179 [6 28 
Wilson, M. 1954, “Priestley.” Sci, Am. 191 [4] y 


FILMS 


m 


Laws of Conservatio 
P or r, Coronet 

Oxidation and Reduction, 1932, (sd, b&w 11 mi 

Oxygen, 1947, (sd, b&w or i Er O aay 


c, 11 min), porr Coronet 
The Multicellular Animal, Part Ty, Respiration, N 28 
min), p or r, AIBS (McGraw-Hill) i EOE Se eal 


n of Energy and Matter, 1958, (sd, b&w or c, 8 min), 


chapter 9 LIVING CHEMISTRY 


RATIONALE 


were; thus, th 
10 


diagrams of this chapter are not ‘‘something to be learned,” but rather 
“aids to learning something.” A knowledge of modern biology is predi- 
cated on an understanding of rudiments of chemistry as they apply to living 
systems. It is to this—an understanding, but not a mastery, of living chem- 
istry—that Chapter 5 is addressed. Every effort should be made to relate 
the chemical processes discussed with the living systems in which they 
occur. 

Among the critical points are definitions of elements, atoms, and mole- 
cules. For this purpose air is shown to be a mixture, water a compound, 
and diamond an element. The structure of elements is dealt with by an 
emphasis upon their electrons as the chief determiners of chemical be- 
havior. Reactivity is related to completion of electron shells in the react- 
ing elements. Organic molecules, with emphasis on the carbon they con- 
tain, provide an additional insight into chemical properties in terms of 
different substances with the same formulae; the relative position of 
atoms, as well as their number and kind, is a determiner of the chemical 
nature and reactivity of substances. 

Compounds of cells are dealt with, with emphasis on water as their 
most common constituent. Ionization and pH are introduced as they per- 
tain to chemical reactions in cells. Proteins, carbohydrates, and fats are 
discussed, and the similarities in the synthesis and hydrolysis of each are 
emphasized. 

Students approach the end of the chapter with their first reference to 
nucleic acids and nucleotides. DNA, RNA, and ATP are mentioned; their 
nature and their roles in living systems will be studied in several chap- 
ters, beginning with Chapter 6 and ending with Chapter 32. Chapter 5 itself 
Concludes with a brief review of the role of carbon as the most versatile 
element in organic compounds. 

It is essential that an adequate background be laid in elementary chem- 
istry in order that students can understand the physiological processes to 
be introduced later. However, too much chemical detail is to be avoided ~ 
as vitiating the effect of the living aspects of the chemistry. There is no 
Magic formula for locating the middle path between too much and too little; 
the teacher must make the decision for each class. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 116) 


1. Blown into a balloon, air will cause the balloon to burst. Pumped into 
tires, air will support the weight of huge trucks. As seen in Chapter 
4, air contains a substance that supports life, as well as another sub- 
stance that snuffs out candles. All these observations indicate the 
presence of matter. 

2. When one part of the air (oxygen) is removed, other unaffected gases 
are left. In addition, there are traces of many other gases in rela- 
tively constant but slightly varying amounts. If air were an element 
it would be composed of only one kind of atom. 

3. Water could be evaporated and the sugar recovered, which would indi- 
cate that the sugar had not combined chemically with the water. 

4. Water and salt can be broken down by electrolysis into their respec- 
tive elements. Wood is not subject to electrolysis. 

5. The activity of an atom is based on the number of electrons it pos- 
sesses. Any atom with 2, 10, or 18 electrons has filled its outer elec- 
tron shell and does not need to lose or gain an electron to achieve 


Wi 


stability. The neon atom, with 10 electrons, exists in a stable state 
and does not readily combine with any other element. 

6. Chemical compounds are formed chiefly by electron transfers or 
electron sharing between atoms. Atoms that in association with one 
another share, gain, or lose electrons in their outer shells achieve 
greater stability by this chemical bonding. ` 

7. When table salt is dissolved in water, the sodium and chlorine sepa- 
rate (as positive sodium and negative chloride ions); this is a charac- 
teristic of the dissolving of compounds formed by ionic bonding. When 
sugar is dissolved in water, its molecules do not break up, because 
the elements in the molecules are bound together by covalent bonds 
(in which electrons are not ‘‘gained’’ or “lost,” but shared by the 
component atoms). f 

8. Proteins are built of about 20 kinds of amino acids, and most protein 
molecules contain 300 to 3000 animo-acid subunits. Just as an enor- 
mous number of different word-groupings or sentences could be con- 
structed from 300 to 3000 letters of a 20-letter alphabet, so can an 


enormous number of different proteins be constructed of different 
chemical linkages of amino acids. 


9. a. Itis the best solvent known. 
It provides an effective environment in 


which many chemical re- 
actions can occur, 


as substances go into solution in it. 
c. It is a good medium for diffusion of molecules and ions. 
d. It is a relatively stable compound. 

e. It ionizes to a slight extent. 


f. It is nontoxic. 
10. 


11. Sanger’ 
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chapter @ THE PHYSIOLOGY OF CELLS 


RATIONALE 


Chapter 6 serves a dual purpos 
to (1) the microstructure of the ce 
Chapter 6, then, is a further development 0: 
ing functions of cells. 


e: It relates the chemistry of Chapter 5 


1l, and (2) the energy cycle of the cell. 
f both the structure and the liv- 


on of energy and the introduction of 
nic catalysts. Students 


Properties of enzymes and the factors that influence enzyme action are 
briefly discussed. The role of coenzymes is introduced at this point. 3 

The parts of a cell (first mentioned in Chapter 3) are next reviewed in 
terms of their structure and function. The cell wall of plant cells and the 
differentially permeable cell membrane that controls movement of sub- 
stances into and out of the cell, principally through diffusion, are of con- 
Sequence here. Note that the term osmosis, denoting the diffusion of water, 
is not utilized, as it serves no useful purpose apart from augmenting the 
students’ v ry. 

The a en on the endoplasmic reticulum points up that knowledge 
of structure alone does not necessarily explain function. The role of 
ribosomes in making protein from amino acids, and the use of centrifuga- 
tion as a technique for cell study, are both discussed here (and protein 
synthesis will be discussed again in Chapter 32). ] 

The energy used in cell metabolism is defined in terms of chemical 
bond energy, released by the oxidation of glucose and stored in ATP. In 
the energy story, a number of heretofore unrelated facts are tied together. 
Specific enzymes are shown to catalyze the breakdown of glucose, given 
energy from ATP to start the reaction. The electron transport chain and 
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the role of coenzymes (including DPN) are dealt with in terms of an en- 
ergy cycle that makes 38 molecules of ATP for every molecule of glucose 
broken down. The role of fats and proteins in this energy story and the 
knowledge that the ultimate source of the energy (traced back through 
photosynthesis) is the sun serve to coordinate much of the material of the 
past several chapters. : 

In dealing with the cell nucleus, DNA is briefly discussed but will be 
taken up in greater detail in later chapters (mainly in Chapter 32). The 
chapter also introduces the cell’s Golgi bodies, centrioles, and centro- 
somes, but makes no point of detailed discussion of them, since they will 
be mentioned in other connections later in the text. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 139) 


1. Food is used as a source of ener 
a source of materials to 
2. Inthe laboratory, if su 
water, carbon dioxide, 
of energy and heat at a 


gy to maintain the living state and as 
be converted into more living matter. 

gar is burned it will unite with oxygen, form 
and a carbon residue, and release a great deal 


relatively high temperature. In the body, the 
same end result is achieved with no violence, no high temperature, 


and no tremendous release of heat, because of the gentle stepwise re- 
lease of energy regulated by enzymes and coenzymes. 

3. Enzymes are proteins that act as organic catalysts, speeding the rate 
of reactions. Coenzymes are molecules that are 
chemical reaction controlled by an enzyme 


cular structure than proteins, and the same coenzyme may assist 
several different enzymes. 

4. (See Figure 6-1, page 121.) The model includes the assumption that 
the substrate (or substance acted upon by an enzyme) fits into a por- 
tion of the surface of the enzyme molecule, where chemical bonds are 
formed or broken without the enzyme itself being altered. The enzyme 


thus is available to catalyze additional reactions with more of the 
substrate. 


5. Enzymes work best within s 
made ineffectual or destro 
fic, one enzyme usually co 


mbrane control i i 
e ei S the passage of materials into and out of 


P oe pete the more potential energy. 
i as two t i igh- 
REN erminal, high energy phosphate bonds, Energy for cell 


is usually made available by Splitting the ATP molecule at 


— 


the outermost high-energy phosphate bond. Energy can be stored in 
the molecule again by replacing the bond. 

11. The mitochondria contain the enzymes and electron-transport chain 
that are essential in releasing the energy (mostly from glucose) used 
to convert ADP to ATP. Mitochondria therefore provide the ATP from 
which energy is released in a cell. 

12. The energy of glucose is transferred to ADP to make ATP. 

13. The enzymes control steps in the oxidation of glucose and the break- 
down of ATP to provide slow, stepwise energy release without cellu- 
lar destruction. 

14. When proteins are used for energy, they first are converted to amino 
acids and then to pyruvic acid, which is broken down in the mitochon- 
dria. Fats are first hydrolized to fatty acids and glycerol. The fatty 
acids are then oxidized in the mitochondria in much the same way as 


Pyruvic acid is broken down. 
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Chapter | THE REPRODUCTION 
OF CELLS 


RATIONALE 


In this chapter, cellular reproduction is viewed on the basis of mitosis 
and meiosis. It is important that students not only understand these pro- 
cesses, but how biologists came to conclusions regarding them. The his- 
torical theme is an important part of this chapter. An even more impor- 
tant part, however, is the fact that both the processes of meiosis and 
mitosis must be related to DNA and the problem of genetic continuity. At 
this particular time students are expected to understand no more than that 
the chromosomes contain the DNA and are divided equally among the cells 
in the process of mitosis. This, however, should be discovered by the stu- 


dent and not given as an introduction that will vitiate the nature of inquiry 
built into this chapter. 


After the student h 


ism must prepare sex cells, in order that the chromosome number will 
remain the same in succeeding generations. Meiosis is thus approached 
as it originally was predicted by the thinking of August Weismann. Beyond 
seeing how it was predicted and confirmed, students proceed no further at 
this time. A detailed study of meiosis and genetic continuity will be found 
in Chapter 31, asa part of the later coverage of genetics. 

Some teachers may notice the omission of certain ter 
ered ‘‘standard”’ in the study of mitosis. The so-called 
mitosis—‘“‘interphase,”? “prophase,” ‘‘metaj 
“telophase,’’ have been deliberately omitte 


ms once consid- 
‘‘phases” of 


monoploid,” rather than “haploid,” 
a relatively simple matter of a 
nsible in conjunction with the related 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 153) 
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4. The centrioles migrate, each with a surrounding centrosome, to oppo- 
site sides of the nucleus at the beginning of the mitotic process. 

5. The chromosome complement is always present in the nucleus, even 
though it is difficult to observe at all times. 

6. Large numbers of dividing cells will be found anywhere that is a re- 
gion of growth in the organism. They will also be found anywhere that 
certain types of cells die and are replaced (the skin, for example). 

7. The most important result of the mitotic process is that it insures 
genetic continuity. This is brought about because each daughter cell 
will have DNA identical, or nearly so, to that of the parent cell. 

8. Raw materials move from the cytoplasm into the nucleus to form 
more DNA and protein, and each of the original chromosomes 
replicates itself (but the replicas do not separate). 

9. Eight chromosomes. 

10. Further study will give us knowledge of how the mitotic apparatus 
functions. 

11. The phase microscope and biochemical techniques have demonstrated 
the existence of the spindle fibers in living cells. 

12. Because the chromosome number remains constant generation after 
generation. Since a fertilized egg is formed by the union of an egg and 
a sperm, there cannot be the full chromosome number in each egg and 
each sperm, or else the resultant fertilized egg would contain twice as 
many chromosomes as the cells of the parents. 

13. Meiosis results in eggs and sperms that have half the number of chro- 
mosomes characteristic of other cells in the parent organisms. 
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chapter ® THE BALANCE OF NATURE 


RATIONALE 


Chapter 8 is in part a new perspective of the first seven chapters, a 
transition from the cell to the organism. It also is an introduction to the 
ecological balance of life, as well as an introduction to the subsequent 
chapters dealing with the diverse kinds of organisms. 

Life at the two levels of organization already studied—(1) atoms and 
molecules, and (2) cells—is reviewed, and students are led to the realiza- 
tion that they cannot answer at these two levels all questions relative to 
life. The students are then led, logically, to succeedingly higher levels of 
biological organization: first, aggregations of cells into tissues (with 


epidermis as an example); and on, in turn, to organ systems, entire or- 
ganisms, the species, community, and biosphere. Each of these levels is 
briefly defined and briefly discussed; they will be elaborated in various 

of the later chapters. 


get their first introduction to ecology, 


tionship of organisms one to another in the com 


in the rela- 
relationships are disci 


munity. First, species 


in i in the cycli bl 
taining these elements. a tia 
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them. The relationships of living organisms are extremely complex, 
but when one organism in a community is affected, it directly or in- 
directly affects all others. 

The biological influences of the past have determined what kinds of 
organisms there are today. The methods of reproduction of organisms 
today, their overall genetic make-up, and their interrelationships in 
the biosphere—all are determined by influences of the past which 
selected from among the organisms of the past those that became the 
ancestors of organisms today. 

Fossils tell us about the life of the past, and about the types of ani- 
mals and plants that once existed. Because of our ability to date fos- 
sils, we can determine not only the kinds of organisms that lived in 
the past, but roughly when each of them lived. Thus we can trace 
changes in organisms through time. 

Mutation provides new characteristics in organisms. These changes 
in genes are hereditary and, if adaptive, are perpetuated. If the 
changes are not adaptive they may upset the carefully adjusted physi- 
ology of the organisms in which they occur; the result would be ex- 
tinction. 

By natural selection, organisms with mutations that have adaptive 
value tend to survive and become the parents of ensuing generations. 
Thus the species evolves toward populations of organisms with the 
mutant characteristics. Harmful mutations, on the oe are 
selected against: organisms afflicted with them tend not to survive. 
A species Ta eiatlon of similar organisms, interdependent upon 
one another, and (in sexually reproducing organisms) interbreeding 
with one another. It is the unit of evolution. As an entity, it does not 
depend on the survival of each of its members and thus represents 

a level of biological organization because of this identity. 

A community is a self-sufficient unit in that there is a source of en- 
ergy capable of being captured by the members of the community, and 
a mechanism of supplying necessary chemical substances and keeping 
them in balance between the living members and nonliving environ- 


ment mmunity. 1 
This z e E CFL lON depending upon the pond community 
with which one began. Certainly the balance in the pond would be 
changed to some degree, at least temporarily. If we assume a simple 
relationship of an energy source from the sun, with producers trap- 
ping this energy by means of photosynthesis, then an increase in the 
numbers of the producers would support a corresponding increase in 
numbers of consumers. A sudden increase in a consumer population, 
however, would deplete the numbers of organisms on which it Teea 
and lead to the sudden reduction by starvation of the population `. al 
first increased. None of these changes is likely to be aber 7 a 
such changes commonly do occur, usually seasonally, in pond com 
munities. A new balance is quickly reached, and ea Sart 
The decomposers in a biological community return the chemi 
sms, and of the waste prod 


com ds of the bodies of dead organi à 
Rovine organisms, to the environment in a form usable by 


oth isms. 4 od 
Mierooteaniené in the process of decomposing dead plants and ani 

mals, make carbon available in the form of carbon dioxide to be used 
in the carbon-hydrogen-oxygen cycle. Without these microorganisms, 
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12. 


13. 


the carbon in the bodies of the dead would be fixed and removed from 
the cycle. As dead organisms accumulated, the usable carbon supply f 
of the atmosphere would be decreased, and photosynthesis would 

slow down or halt; thus, oxygen, too, would become unavailable. The 
decomposers, such as microorganisms, make it possible for usable 
supplies of carbon, hydrogen, and oxygen to remain available instead 
of becoming fixed in organic compounds. 

Microorganisms also play an important part in the nitrogen cycle, 
for the proteins and amino acids of dead organisms are generally 
useless for green plants. Some species of bacteria and fungi can con- 
vert these useless compounds into ones usable by plants for synthesiz- 
ing their own proteins. Some bacteria oxidize ammonia to nitrites, 
and other bacteria then oxidize the nitrites to nitrates. Nitrates are 
of vital importance to green plants, which cannot use atmospheric 
nitrogen for their nitrogen needs. Certain nitrogen-fixing bacteria 
and algae, however, are capable of utilizing atmospheric nitrogen in 
their own metabolism and converting it into nitrogen-containing sub- 
stances that can be used by plants in making proteins and nucleic 
acids. Thus, microorganisms play an important part in the nitrogen 
cycle, as well as the carbon-hydrogen-oxygen cycle; without the 
microorganisms, both cycles would be disrupted, and all life might 
slowly come to an end. 

A food web links together a whole community of living things in a | 
complex relationship of feeding and being fed upon. It indicates the 
transfer of energy from producer (green plants) through a chain of 
consumers, with a number of alternate pathways. The greater the 
number of alternate pathways in a food web, the more stable the com- 
munity of living things that form the web. 
a. Plants and animals would repopulate the island by being borne to 
it on the wind, by floating to it on the water, or by being carried 

by birds or other animals. 

. The first organisms to appear would probably be those whose 
Spores or seeds could be airborn 
Most of the first animal or 


island over F 
ably be followed by flying insects Sarat Oe aay 
The climax community of plants and animals would undoubtedly 
resemble the climax community of the area from which these or- 
ee had originally come, and would undoubtedly also be simi- 
E climax community on the island prior to the volcanic 


consumers would be re- 
» at least temporarily, if a drought 
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Commentary for the Teacher 


PART Il 


DIVERSITY 


chapter VIRUSES—THE SMALLEST 
LIVING THINGS 


RATIONALE 


Chapter 9 again introduces the problem of the definition of ‘‘living.’’ 
The viruses present particularly interesting problems in relation to this 
question. Students will be led to the conclusion that viruses are living in 
that they show the property of replication (even though this occurs only 
in the cells of the host) and that they also display genetic recombinations 
and mutations which are similar to those in living systems. The organiza- 
tional position of the virus is a little above the level of complex mole- 
cules, but below that of cells. 

The approach to the virus stor 
troducing Louis Pasteur and sub 
strated the existence of the viru 
meiosis, viruses were discover 
known way to isolate them, or t 


y is through historical perspective, rein- 
sequent men whose experiments demon- 
s. As was the case with the process of 

ed indirectly—there being at the time no 

o view them with the available types of 

n should be high for this type of ‘‘cere- 


er still because they have heard so much 
but know so little of viruses. 


y this chapter. Through the discussion 
ents will learn more of the organizational ‘‘leap’’ from the 
level of the chemistry of complex molecules to the level of a living thing. 
Life—as the students will begin to recognize—exists at various stages of 


complexity of organization, of which the Virus is currently the most 
simple. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 191) 


1. The ability of the tobacco- 


Spread through infected pl: 


mosaic virus to increase in amount and to 
it. 


ants caused Beijerinck to attribute life to 


-nA 


3. In order to reproduce, a virus in its inactive state must come in con- 
tact with a living host cell and must intrude its DNA or RNA into the 
host cell and assume control of the cells? biochemical activities. 
Thus, the growth and reproduction of viruses are limited by their abil- 
ity to invade host cells and to multiply therein. We interpret these 
limitations by classing viruses as parasites. Furthermore, these and 
other limitations lead us to classify viruses as the simplest known liv- 
ing things. 

4. There is no absolute answer to this question. All plant viruses contain 
a core of RNA. Most bacterial and animal viruses contain a central 
core of DNA. However, some animal viruses, like the plant viruses, 
have a core of RNA. 

5. Virus particles are reproduced in a host cell by diverting the cell’s 
biochemical activities to the production of virus material. The re- 
production may be immediate, destroying the host, or gradual; in the 
latter case the virus DNA attaches to the host cell’s DNA and gears 
its replication to the growth and reproduction cycle of the cell. 

6. In the case of the bacteria that have been associated with diptheria, 
only those bacterial cells that contain a specific phage DNA produce 
the poison that causes the disease. Thus, it appears that the phage 
DNA modifies the nature of the bacterial cells it invades. Other, 
similar, bacterial cells remain harmless. This discovery focuses the 
attention of investigators on the role of viruses in certain bacterial 
diseases. 

7. The living features of viruses are their possession of DNA or RNA, 
their ability to reproduce themselves when inside host cells, and 
their ability to perform genetic recombinations during the reproduc- 
tive process. Their nonliving characteristics include the property of 
crystallization as individual particles, their inert nature outside of 
the host cells, and their lack of enzyme systems. x 

8. The large number of viruses that can reproduce in a short period of 

materials for genetic studies; handling 

such large numbers of more comple ore Lee ae 

i ime. The relative simp 

in terms Ot both ane ana Ren a genetic change is not as likely 


also is helpful in genetics studies; a & : 
to go Sneed ait a complex organism with untold thousands of 


genetic characteristics. 


REFERENCES 


Useful books: 
Burrows, W. 


1963. Textbook of Microbiology, 18th ed. Saunders, Phila- 


delphi Ph j 
Cundinghata, c. H. 1963. A Laboratory Guide in Virology. Burgess, 
Minneapolis ction at the Threshold of Life: 


Fraenkel-Conrat, H. 1962. Desen and Fun 
The Viruses. Academic Press, New York 
Hawker, L. E., et al. 1960. An Introduction to the 
isms. Arnold, London 
Pollard, M. 1961. Pevspec 
Sistrom, W. R. 1962. Micro 


York r pY. 
Weidel, W. 1959. Virus. University of Michi 


Biology of Microorgan- 


ess, Minneapolis 


i in Virology. Burg 
tives in Virology PANN 


bial Life. Holt, Rinehart and Win! 
gan, Ann Arbor (Mich.) 
23 


Article in journal: f 
Horne, R. W. 1963. ‘‘The Structure of Viruses.” Sci. Am. 208 [1] 48 


FILMS 


Microbiology, Part II: Viruses, No. 9, 1960, (sd, c, 28 min), p or r, AIBS 
(McGraw-Hill) 


Virus, No. 1: Between the Living and the Non-Living, 1960, (sd, b&w, 29 
min), p or r, Indiana 


Virus, No. 2: Giant Molecules, 1960, (sd, b&w, 29 min), p or r, Indiana 

Virus, No. 3: The Stuff of Life, 1960, (sd, b&w, 29 min), p or r, Indiana 

Virus, No. 4: Viral Genes, 1960, (sd, b&w, 29 min), p or r, Indiana ’ 

Virus, No. 5: How a Virus Kills, 1960, (sd, b&w, 29 min), p or r, Indiana 

Virus, No. 6: Threads of Life, 1960, (sd, b&w, 29 min), p or r, Indiana 

Virus, No. 7: Killers and Carcinogens, 1960, (sd, b&w, 29 min), p or r, 
Indiana 


Virus, No. 8: Cancer,1960, (sd, b&w, 29 min), p or r, Indiana 


chapter (Ù BACTERIA—PIONEERS OF 
CELLULAR ORGANIZATION 


RATIONALE 


The opening sentences of Chapter 10 indicate in provocative terms the 
ubiquitous nature of bacteria, enabling the teacher to introduce a discus- 
sion of the comparative distribution of living organisms and thus lead the 


students to comprehension of the worldwide distribution of bacteria, The 
chapter then introduces, by means of the historical approach, the discovery 
of bacteria and the development of bacteriology. The 


order of events as 
presented by the chapter allows the teacher to expand upon the relationship 


of technology and science; in this particular case, it was the invention of 


first the compound microscope, then the electron microscope, that made 
possible a comprehensive study of the life of bacteria. 


7 ; i ia, offers interesting 
poine for discussion and comparison between bacteria and cells studied 
earlier. 


Students are introduced to 
will manage to exist through 


Because different bacteria demons i 
nutrition, it i trate so many different methods of 


. a oe N 


Laer pee students will draw parallels between these bac- 
af khe a al of enzymes, and the viruses, which have 
Mproduction, first discussed in terms of cell division in Chapter 7, is 
ee in terms of bacterial fission. The growth rate of a bac- 
aie n population can be compared to that of cells undergoing mitosis, or 
nes iruses reproducing as discussed in the previous chapter. A typical 
aE curve introduces students to the concept of limiting factors in pop- 
eee and explains why organisms never reach their theoretical 
al in reproductive capabilities; food and other limiting factors are 

Operative in the environment. 
ean a part of the discussion of bacterial reproduction, sexual reproduc- 
paee o r oduced for the first time in the biology course. Here, in the 
ae eria, occurs the simplest known form of sexual reproduction—the ex- 
a es of genetic material (DNA), first demonstrated by the elegant work 
ton lerberg and Tatum. The biological importance of sexual reproduc- 
fre pages introduced, and will be referred to many times in future chap- 
ae tudents at this point should be brought to the realization that sexual 
Bian uction in the biological sense is an opportunity for the introduction 
ree ew source of variability in offspring. A contrast of sexual and asex- 
i metħods of reproduction can further illuminate this principle and its 
mplied genetic benefits. 

Thus, bacteria are utilized as a vehic 
ganization, survival mechanisms, nutritional patterns, 
Population-limiting factors. 


le to introduce simple cellular or- 
reproduction, and 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 206) 


1. The question is conjecture, but probably most if not all forms of life 
would begin to decline and to become extinct—if the earth were with- 


out bacteria. Bacteria are essential to the nitrogen cycle and the 
fill so many other important roles 


carbon-hydrogen-oxygen cycle; they 
in the web of life that an enumeration is impossible (they even manu- 
facture a needed vitamin in our own bodies). The elimination of all 
bacteria would disrupt every community of life on earth—both in the 
2 Seas and on the land. 
- Bacteria are difficult to classify because of th 
cause they do not fit the plant-animal pattern. The presence of a cell 
wall indicates similarity to plants. However, the absence of mitochon- 


dria and of a definite nucleus makes them rather atypical cells. Many 
tain one-celled animals. As if 


are flagellated in the manner of cer 
this were not enough, it is also difficult to decide whether they are 
unicellular or colonial organisms; they may or may not be clumped 
together. A variety of nutritional and reproductive patterns also helps 
make it diffi sify them. 

3. The ea ECN wall and eae to certain blue- 

ree o classify bacteria as plants. ` 

$: The EON os be demonstrated in bacteria by selective 
Staining. Observations under the electron microscope further show 
that the DNA of a bacterium is packed into a bacterial chromosome. 
Other experiments have been performed to show that bacterial genes 

have a linear arrangement similar to that of other organisms. Be- 


eir small size and be- 
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cause DNA comprises the genetic material of living cells, and because 
it occurs in bacteria, a logical assumption is that it is the bacterial 
hereditary material. 

5. Endospores allow the bacterial species to resist unfavorable environ- 
mental conditions for lengthy periods of time and thus preserve the 
species. 

6. Saprophytic bacteria obtain their nutritive requirements by means of 

complex enzyme systems that break down organic wastes or remains 

of animals and plants and convert these materials to simpler com- 
pounds needed by the bacteria. Parasitic bacteria do not have these 
complex enzyme systems, and they must depend on the enzymes of 
their host organism to synthesize their essential nutritive require- 
ments. Autotrophic bacteria have their own characteristic enzyme 
systems that enable them to synthesize their organic compounds 
from simple inorganic substances, either by photosynthesis or by 
oxidation of certain iron, sulphur, or nitrogen compounds. 

The maximum rate of bacterial reproduction is limited by the avail- 

ability of water and nutrients needed for survival and reproduction. 

In addition, bacterial populations usually produce toxic waste sub- 

stances that by their accumulation begin to inhibit growth. 

8. The experiments of Lederberg and Tatum are best interpreted as in- 
dicating that genetic recombination occurs in bacteria and that some 
kind of sexual process is responsible for this recombination. (See Fig- 
ure 10-10, text page 203.) 

9. The electron microscope has shown that pairs of bacterial cells will 
form little tubes (see Figure 10-12, text page 205) that make possible 


the physical transfer of genetic material from one bacterial cell to 
the other. 
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Cnet SMALL ORGANISMS OF GREAT 
ECONOMIC IMPORTANCE 


RATIONALE 


The emphasis of this chapter is upon those activities of bacteria that 
are directly or indirectly either harmful or helpful to man and his biotic 
world. The chapter is divided into two sections, the first dealing with 
harmful bacteria and the second with beneficial bacteria. 

In the section developing the concept of bacteria that are harmful to 
man, the historical development of the germ theory of disease is traced 
from Hippocrates through Koch’s use of the experimental method to iden- 
tify a pathogen. Koch’s postulates are presented. The concept of a patho- 
gen, and the applicability of the concept to both plants and animals, is 
developed for student comprehension. The meaning of disease is reviewed, 
from the first use of the term in Chapter 1 through the last previous use, 
and the student is brought to the realization that diseases are of many 
different kinds, resulting from a number of different causes. The entry of 
a pathogen into the body and its subsequent activity result in one kind of 
disease. 

With the development of the concept of infectious disease, the next sub- 
ject, disease control, is easy to introduce. Here students learn about 
antigen-antibody phenomena, types of immunity, the historical develop- 
ment of artificial immunity, with the work of Jenner in vaccination as an 
example, and the use of antibiotics, disinfectants, and synthetics such as 


sulfa drugs. 
In addition to infectious disease and its control, another topic related to 
the so-called harmful bacteria is the problem of food spoilage. Students 
are introduced to the methods of control of bacteria that invade food. Heat, 
Cold, drying, or the use of chemical preservatives—or a combination of 
more than one of these methods, plus care in packaging or canning—ac- 
count for our means of control of food spoilage. é x 
The damage that bacteria do is more than offset by all the ways in which 
bacteria are useful, or even essential, to man. The essential role of bac- 
teria in the carbon-hydrogen-oxygen and nitrogen cycles has been covered 
elsewhere (Chapter 8), but is mentioned again briefly before other benefi- 
cial aspects of bacterial activity are listed. From vitamin Biz synthesis 
to human digestion, and from the leather and cheese industries to all our 


uses of a controlled fermentation process, the pene er aspects of cer- 
tain b i i ily in man’s biotic world. a eee 
ORS SES CEE oduces methods of energy utilization 


The topic of fermentation reintr’ i 
withi i i he energy pathways in anaerobic and 
ithin organisms by contrasting t gy a 


aerobic m leased in ea 
1 etabolism. The amounts of energy re 
of fermentation, are made known. 


well as i ial lications 2 
Through a select" this chapter, students will come to comprengna he 
great variety of bacterial activities that influence them in me Cron í 
ment. Problems of disease, hygiene, public nee a i eect ie a 
F : : sy introduced at this pol 
tion of bacterial activity can be intr ter, but not, however, seine 


f i hap 
augment the materials presented in the c 3 
risk of crowding out the basic biology of the bacteria. 
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ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 229) 


il, 


10. 
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Koch’s postulates are methods of inquiry for identification of patho- 
gens. Their use led to the identification of bacteria as pathogens and 
proved Pasteur’s hypothesis that bacteria can cause disease in ani- 
mals and man. 

The sharp reduction in the incidence of bacterial diseases in the United 
States is due to effective controls in the forms of vaccination and other 
immunizations, together with the use of antibiotics and chemosynthetic 
drugs. 

Differences in environmental conditions in the host will partially de- 
termine in which tissues the pathogen will become established. Usu- 
ally the site of invasion also affects the site of the infection. Knowing 


the site of invasion allows either preventive or remedial therapy to be 
undertaken. 


. In the case of the tetanus bacillus, unless the environment has a low 


oxygen content the organism will not grow and secrete its deadly toxin. 
In contrast, the bacillus that causes pneumonia requires an environ- 


ment rich in oxygen; without adequate oxygen supplies, it will not sur- 
vive to harm the host. 


. The more toxin a bacterium produces the greater will be its degree of 


virulence. Bacteria that secrete exotoxins are highly virulent, since 
the exotoxins can spread rapidly throughout the host by diffusion and 
circulation. Bacteria that secrete endotoxins have comparatively low 


virulence because the endotoxins are retained inside the bacterial cell 
and freed only if the cell is broken down. 


. Antibodies, being specific, will affect only one form of protein. Thus 


the body requires different antibodies to combat different diseases, If 
the antibodies were not specific they might attack the body’s needed 
proteins and cause deficiency disease. Their specificity makes it safe 
for them to be introduced into the bloodstream, for they will react only 
with the foreign protein in question. 


. Jenner’s observations that a person recovering from cowpox did not 


contract smallpox were the basis for his vaccination procedures. In 
effect, and without knowing the reasons why, he introduced artificial 
active immunity into the body by means of vaccination. His artificially 
induced active immunity has been followed in recent years by the de- 
velopment of vaccines for a wide variety of diseases, including polio. 
When the body produces its own antibodies in response to the intro- 
duced foreign protein, the immunity is active and relatively long- 


lasting. When the body merel i injecti i ; = 
y receives injectio: ro 
duced in another anima 5 ne ofantivodiesip 


S l, the immunity is passive and of relatively short 
The specific effects of an antibioti i i 
} c can be determined by culturing 

aks bacteria of different types and exposing them to paper disks 
r a ae been saturated with the antibiotic. Variations of the proce- 
ake T ee relative effectiveness of different concentra- 

€ antibiotic as com i i i 
E pared with different concentrations of 


< 
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biotics may practically sterilize the human intestine; the bacteria that 
aid digestion and vitamin synthesis may be as susceptible to the anti-- 
biotic as the suspected pathogen. (c) By natural selection, susceptible, 
strains of pathogens will be killed by antibiotics, and their place in 
their biological communities may be taken by suddenly increasing 
populations of antibiotic-resistant strains that no longer have compe- 
tition. 

11. Some chemicals are used as disinfectants and antiseptics. They may 
be applied directly to surfaces or instruments to kill or retard the 
growth of bacteria. Other chemicals, of which the sulfa drugs are an 
example, can be taken orally to destroy bacteria within the body. 

12. This question is a restatement of Question 1 at the end of Chapter 10. 
However, after completion of this chapter, students should be able to 
answer it in greater detail and with greater sophistication than they 
did on the first occasion of its use. s 2 

13. A freshwater organism placed in a strong brine solution will dehy- 
drate; water will diffuse out of it into the surrounding brine, and the 
organism will either die or have its activities greatly retarded. Such 
an effect on bacteria would reduce the spoilage of foods placed in such 
a brine. 

14. Bacteria provide vitamins, aid digestion, act as a source of enzymes, 
and are used in industry in processes such as tanning, cheese making, 
and fabric processing. The process of fermentation forms alcohol, 
acetic acid, and other products useful to man. (In Chapter 8, the role 
of bacteria in the phenomena of pve, pase oe and the 
carbon-hydrogen-oxygen cycles was elaborated. Y 

15. The aes of AEDn led to an investigation of anaerobic metab- 
olism and a contrast of aerobic and anaerobic metabolism as energy 
sources. In addition, the development of a better uncer ass ra 
anaerobic respiration has indicated how early organisms could have 


existed on the earth without oxygen. 
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chapter L2 MOLDS, YEASTS, 
AND MUSHROOMS 


RATIONALE 


This chapter introduces students to evolutionary relationships among 
living organisms. Here the problem of relationship is begun with slime 
molds and true fungi, shown to be more closely related to unicellular ani- 
mals than to plants, a concept as new to many teachers as to most stu- 
ents. Today it is abundantly clear that fungi are neither plants nor ani- 
mals, but only fungi—a separate type of organism. (They are included in 
the plant section of the textbook only until such time as their classification 7 
is clarified—perhaps within a separate kingdom.) Much of the distinction 
between life and nonlife was found difficult to make in earlier chapters, 
so in this chapter the distinction between plants and animals is thus shown 
not to be a simple ‘‘either/or’’ proposition. The true evolutionary signif- 
icance of such organisms as slime molds and fungi is that all living or- 
ganisms, plant and animal categories notwithstanding, are more closely 
related than students have been led to believe in the past. There exist 
numerous groups of organisms that show how arbitrarily distinguished from 
one another the “‘all-inclusive”’ plant and animal kingdoms really are. 

In the evolutionary discussion of some of these organisms, early adap- | 
tation to a terrestrial environment and the modification of the reproduc- 
tive cycle in order that these organisms could survive and reproduce on 
land is emphasized. Here again is an opportunity to reinforce the concepts 
of reproduction brought out in earlier chapters and point out the modifica- 
tion that such a process must undergo on land in contrast to the same 
process in a marine or other aquatic environment. 

Just as in Chapters 10 and 11, which dealt with the bacteria, Chapter 12 
covers both the biological nature and the economic importance of fungi. 
Students can make comparisons between the bacteria and the fungi regard- 
ing their edibility and harmful and beneficial uses. Problems of spoilage 
and decay, which were mentioned in the chapter on bacteria, are brought 
out in relation to the fungi, as are the problems of fungus diseases, which 
in many cases are as important as bacterial diseases. A specific group 
of fungi, the yeasts, are dealt with in some detail. They demonstrate both 


asexual reproduction by budding and sexual reproducti 
2 on and thus afford 
an interesting type of life cycle. p R 


The chapter concludes with a summary about the colonization of land 


aptations that have taken place through evolution to fit 
errestrial environment. The theme of evolutionary adapta- 
continued in the next chapter, with the study of green plants. 


the fungi to a t 
tion to land is 
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ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 242) 


1. Animal-like characteristics of the slime mold plasmodium include 
mobility and the absence of a cell wall. 

2. The fruiting stage and the thick-walled spores of the slime mold are 
plant-like features. 

3. Terrestrial adaptations of Rhizopus include hyphae that absorb water 
and soluble nutrients, and that anchor the plant, and the production of 
large numbers of thick-walled spores that resist drying and can be 
dispersed by air or splashing water. Another terrestrial adaptation 
is the method of sexual reproduction, which occurs by the fusion of 
hyphae to form a zygote, without requiring free water as a medium 
for the transportation of gametes. The zygote has very thick walls, 
which like those of spores, withstand drying and other adverse terres- 
trial conditions. 

4, Many primitive fungi and various of the true fungi produce flagellated 
cells at some point in their life cycle. These cells resemble proto- 
zoans and are unlike the reproductive cells of algae. Further studies 
of the primitive fungi have convinced biologists that these unusual i 
aquatic organisms are not at all like algae, from which it was origi- 
nally believed that fungi were evolved. Today the biologists are con- 
vinced that true fungi and their primitive relatives evolved from 
protozoans. , 

5. Some bacteria and fungi produce useful products from fermentation. 
Others produce antibiotics. Both bacteria and fungi are decomposers 
and play important roles in the cycles of nature. Some fungi, as well 
as some bacteria, produce diseases of both plants and animals. Fungi 
as well as bacteria cause tremendous amounts of spoilage. ; 

6. The most classic case of far-reaching consequences of a fungus dis- 
ease was that of the fungus disease of the Irish potato, which in the 
last century caused successive crop failures in Ireland. As a result, 
over a million Irishmen died of starvation and other diseases related 
to malnutrition, and another million and a half people emigrated to 
North America. The subsequent population shift produced marked 
political, social, and economic consequences. Similarly, any oren 
fungus diseases that reduce the food supply of a rapidly Span ae 
world’s population will produce marked effects socially, politically, 


aa 


and economically. ducing alcohol and carbon 


T ic importance in pro! ilized i 
ELE igen eh ation. Thus, they are utilized in 


dioxide by their process of ferment 5 
the makir of anole beverages, and in making bread pro oe 
bakery products where the carbon dioxide causes the donen o ris ; i 

| 8. The important adaptations that enabled fungi to live on lan were: ie 
the loss of flagellated reproductive cells and the areo Ran, SER 
tion of new methods of sexual and asexual repr onetan a a eTo 
tion of protective layers around spores and zygotes; and (c DEA 
tion of hyphae, which grow throughout the immediate environm h 
Obtain the kinds of nutrients that in ancestral aquatic forms wer 


i surrounding water. The hyphae also 
H OLERE to ahe orean ee x T spores can easily be dispersed, and 


i ngia, from w pA ; 
3 finally, here REINE structures that are modified for sexual repro 
, 


duction. 
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crapier 18 THE TREND TOWARD 
COMPLEXITY 


RATIONALE 


err further develops the theme of evolution, directed now to- 
gems that clearly are plants. In discussions of evolution, time 
ange au sbestant factor, and it is essential early in the discussions 
related to a s comprehend that calendars and clocks are about as closely 
es aa mem the evolutionary Sense as the length of a city block re~ 
be asked is, “How de oes Stars in space. The first question likely tO 


s now how long ago fossi i ” This iS 
a ; go fossil plants lived? ” This 
nswered in the text with the discussion of the n dating 


method E 
, followed by a geologic time scale and a discussion of fossils aS 
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evidences of life of the past. The fact that organisms of a cellular structure 
Similar to algae and fungi have been found in Pre-Cambrian rocks 1.6 bil- 
lion years old should give the student some idea of the span of evolutionary 
time being discussed. By the time the story becomes fairly continuously 
legible in the Pre-Cambrian rocks, primitive aquatic organisms having 
both autotrophic and heterotrophic nutrition are recognizable. 

After the appearance of cellular organisms, another step in evolution 
led toward multicellular organisms, with a division of labor among the 
individual cells. 

Sexual reproduction, previously studied in connection with bacteria, 
slime molds, Rhizopus, and yeasts, is met here again in Chlamydomonas, 
which like earlier examples, demonstrates the isogamous condition of the 
gametes. The student is introduced for the first time to heterogamy (dem- 
onstrated in Oedogonium), the characteristic gamete pattern to be found in 
the sexual reproduction of more advanced plants and animals. With the 
development of heterogamy, the sex cells become recognizable as egg and 
Sperm, the egg with a protective covering and the zygote often retained 
within the female organism. 

Even though sexual reproduction in these algae is more advanced than 
in organisms studied earlier, spores are still produced—but the spores 


are unlike those previously studied, in being thin-walled. 
The trend toward complexity is seen to continue with the development of 


alternation of generations as exhibited in Ulva. The development of a def- 
inite sporophyte and gametophyte continues throughout the plant kingdom 
with variations on the relative importance of gametophyte and sporophyte 
generations. The potential survival value of alternation of generations is 
believed to be by meiosis occurring prior to spore formation, thus creat- 
ing a wide genetic variety of spores. Those spores that survive and de- 
velop into gametophytes lead to the production of gametes and future 
Sporophyte generations. 

Phe leas: HGR are the main emphasis of the chapter, are shown to 
Carry on in their aquatic environment 90 percent of all photosynthesis, and 
a discussion of their potential use in space travel is here included. ee 
€conomic aspects of algae—for example, the wide variety of products e 
man, from food to filters—should also give the student an appreciation o: 


the practical role algae play in today’s world. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text poge 259) 


1. Organisms similar to fungal hyphae and spores, and colonies z cells 
very much like modern blue-green algae, have been ROS m 
Pre-Cambrian rocks at least 1.6 billion years old, aE a A 
fungi and blue-green algae were among the earliest of cellular org 

2. TRE Pre- Carbrik landscape was one without land plants or ale: 
It would be a hostile environment to plants that had not yet RAN 
effective structures that would protect them from drying out o 


desiccating land surfaces. : 
8. Chlamydomonas represents tne type of miee Iar ee a 
which lticellular green plants ar c 5 £ 
it ie bright green chloroplasts and well defined cell vane: A ai 
tains the same two kinds of chlorophyll that are found in land plants, 
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and in similar proportions to their occurrence in land plants. Stored 
food in both Chlamydomonas and the green land plants is true starch. 

4. A colony of many single cells can be distinguished from a true multi- 

cellular organism in that the multicellular organism exhibits a divi- 

sion of labor between its differentiated cells, while in a colony each 

cell is potentially self-sufficient and independent. 

The development of sexual reproduction in the green algae introduced 

a factor of variability that increased the chances of favorable gametic 

combinations better adapted to survive on land. Asexual reproduction 

does not allow for such wide variation and subsequent adaptability. 

6. The external appearance of the gametophyte and sporophyte genera- 
tions of Ulva is similar. One, however, has 13 chromosomes per cell 

and produces gametes; the other has 26 chromosomes per cell and 

produces spores. The diploid number of 26 chromosomes is contained 
in the sporcphyte and is reduced by meiosis to 13 in the monoploid 
spores. The gametophytes produced from the spores then are mono- 
ploid and produce monoploid gametes. 

In alternation of generations, not only do the gametophyte and sporo- 

phyte generations alternate, but the monoploid and diploid number of 

chromosomes likewise alternate. 

8. The green algae are most likely ancestors of green land plants be- 3 
cause they resemble the green land plants in both their pigments and A 
stored foods. They have evolved a multicellular body plan, developed 
heterogamous sexual reproduction, and demonstrate alternation of 
generations—all of which are features common to green land plants. 
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chapter 14 THE LAND TURNS GREEN 


RATIONALE 


This chapter continues the story of plant evolution with the invasion of 
the land. Although primitive land plants existed early, as evidenced by 
Cambrian spores, more complete land fossils, demonstrating the exist- 
ence of vascular plants, date from approximately 400-425 million years 
ago. As plants are believed to be the first invaders of the land, it is in- 
teresting to know that living things have occurred on land for only about 
one-tenth of the earth’s existence. 

Students are introduced to the special situations to which plants have 
had to adapt in order to be successful on land. First was the problem of 
obtaining water; this was solved by the evolution of rhizoids and roots. 
The retention of water, once it was obtained, was made possible partly by 
Multicellularity, in which a relatively small number of cells are exposed 
to the environment, and partly by the development of a water-impervious 
layer of cutin on exterior surfaces of the plant. Also, the ability of some 
plants physiologically to withstand drying was a factor. 

The problem of obtaining carbon dioxide from an environment relatively 
deficient in that compound depended upon the evolution of structures that 
could absorb their carbon dioxide from the air. Leaves with stomata were 
the evolutionary answer. The stomatal apparatus, paired with the chloro- 
Phyll content and the water-supplying vascular tissue of the leaves, made 
Photosynthesis in complex land plants possible. 

Heterogamy (introduced for aquatic plants in Chapter 13), the protection 
of the reproductive cells, and the evolution of a plant embryo formed the 
basis of the reproductive adaptations of terrestrial plants. i 

Alternation of generations, characteristic of all higher plants, is dem- 


onstrated in the moss with its dominant gametophyte generation, and its 
tion. This is in contrast to the 


dependent, attached sporophyte genera c ) 
Situation in the vascular plants, where the sporophyte is the dominant 
generation and the gametophyte is greatly reduced. (In flowering plants, 
the female gametophyte is reduced to as few as seven cells in the repro- 
ductive structures; the male gametophyte is reduced even further. Ulti- 
Mately, this trend would lead to a single ese at a aad PPer Ee N 
imiti : neither roots nor 
In primitive vascular plants there are Peete mack 


text consi lution of leaves from a system 0 
AAT BN hes, some of them underground. 


Stems a rom other branc ; 

In a cycle of vascular plants, the evolution x proa 
Sporangia, the retention of female spores, and the evolution of integu- 
mented seeds were essential terrestrial adaptations. Problems of fertili- 
zation in terrestrial plants are also discussed in this chapter, and the 
flagellated sperms of the nonvascular plants are contrasted to the pollen 
tubes that have evolved in flowering plants. 
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In summary, the chapter deals with the evolution of whole new organisms 
adapted to a new environment—the land areas previously uninhabited. Each 
structural part of complex land plants is analyzed for its nature and its 
role in the evolution of life on land. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 285) 


1. Because they live in water, most aquatic organisms have no problem 
of obtaining water or retaining it. Supplies of oxygen and carbon 
dioxide are also readily available, dissolved in the water. The water’s 
buoyancy makes supporting tissues in aquatic plants relatively un- 
necessary or unimportant, and the water provides an ideal medium 
for fertilization of eggs by swimming sperms, or for fertilization of 
isogamous flagellated gametes. 

2. In colonizing the land, plants had to adapt by means of evolution to a 
relatively desiccating environment. They needed mechanisms for ob- 
taining and retaining water. They also required a mechanism of sup- 
port, and a means of distributing water throughout the plant tissues. 
For photosynthesis, they needed not only water and chlorophyll, but’ a 
usable source of carbon dioxide; this required another mechanism for 
absorbing carbon dioxide from the air. Plant reproductive structures 
also had to evolve, to insure fertilization in a terrestrial environment. 

3. Primitive green land plants were able to survive because of: (a) a 
compact multicellular plant body and the ability to conserve water; 

(b) modification of photosynthetic tissues for the absorption of carbon 


dioxide; (c) special structures for th i water; (d) heterog- 
amy; (e) protection of BOG on Ra ro n 


(g) alternation of generations. 


4. The simplest land plants co 3 
ticellular plant body, nserve water by means of a compact mul 


which exposes relativel 1l b f cells 
I ly small numbers of ce 
so m E effects of the atmosphere. In addition, the rate of evap- 
i rom the surface cells is retarded by a waxlike coating of 
cutin. 
5. In Marchantia, carbon dioxide i 
me n dioxide is absorbed through pores (stomata) 
cells which allow thi 


help prevent drying of the sex or 
ans. 
7. The embryos of terrestria aE 
; thus they are protected from 


ical injury. i 
for the survival of green plants ARA Bec a aeea 


8. In both plants and animals the obtainin: of wate vation O: 
: f 
4 ` g t r, the conservati 


reproductive cells; (f) formation of embryos; and 


| 


10. 


11. 


12. 


13, 


14, 


15. 


16, 


EX 


18, 


19, 


20. 


ing as multicellular organisms with heterogamous sexual reproductior 
and protected embryos. 


. Asexual reproduction permits the production of large numbers of re- 


sistant spores that can survive a variety of unfavorable environmental 
conditions. Sexual reproduction insures a maximum of genetic vari- 
ability, important to evolution in a changing environment. 

Man obtains nearly all his food from vascular plants. The wood of his 
home and his furniture is the product of vascular plants. The cotton 
and linen fibers in his clothes come from vascular plants, as do many 
medicines and most fuels (coal and peat, for example). 

The earth’s crust contains fossils of primitive vascular plants consist- 
ing of a system of forked branches of about equal size. These plants 
had no leaves or roots; underground branches functioned as roots, and 
aerial branches had stomata for the exchange of gases during photo- 
synthesis. The branches had vascular tissues, epidermis, and cortex. 
Fossil spores indicate that the plants were sporophytes. 

Small, one-veined leaves could have evolved as outgrowths from the 
naked branches of primitive plants, or from a reduction in size of part 
of the leafless branching system of primitive vascular plants. Many- 
veined leaves are a modification (through planation and webbing) of 
the forked branching system of primitive vascular plants. 

The fossil record clarifies the origin of the multiveined leaf by pro- 
viding fossilized remains of Devonian and Carboniferous plants that 
show developmental stages from the forked branching system to the 
webbed flattened system. 4 3 

The roots of vascular plants have a central solid core of xylem tissue 


and a surface capable of absorbing water and dissolved minerals from 
the soil. They probably originated from the underground stems of 
primitive vascular plants, in which the central solid core of xylem 
was also a characteristic, along with water- and mineral-absorbing 


surface properties. r p s 
In primitive vascular plants living today (and in fossil relatives), the 
Supporting tissue consists of a central solid rod. In larger, more 


complex vascular plants, stems are supported by one or more rings 
of vascular tissue, often organized into separate bunden. : n 
The development of secondary wood tissues in vascular plants made 
possible the growth of tall plants of large size. y 

In PERE A Y plants the spores are of different sizes ana Preece 
two different gametophytes, the female spore being retained and pro 


i i i tophyte. 

tected develops into a tiny female game y 

SEL ERE for ZATION in the more She re eae ia a 
llen es tha 

ne e of the development of pollen | 

Fay e oe Eei of the female reproductive organs, and so 

ze A P sas my 

aa ate N of fruiting structures provided additional prolgaron 

of 3 chanical injury and from other unfavorable environ 

ean ted, the seed is better able to with- 


mental conditions. Thus protec l ‘ 
i f a terrestrial environment. 
Rata from plant to plant, insects none eS puone? de 
; it can be assu. 5 ; 
i iability of green land plants; 1 i 
SEa a A proceeded more EN fhanwoula 
have been so if self-pollination had been the predominant p S 
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21. Divergent evolution is the process whereby two similar structures or 
organisms become increasingly different as a result of evolutionary 
changes. The sporophytes and gametophytes of land plants demon- 
strate divergent evolution in that the sporophyte generation has 
evolved toward complexity, while the gametophyte generation has 


evolved toward simplicity and complete dependence upon the sporo- 
phyte generation. 
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cnapter 15) PHOTOSYNTHESIS—THE LINK 
BETWEEN TWO WORLDS 


RATIONALE 


The development of our current understanding of photosynthesis is in- 
troduced historically with references to van Helmont and Priestley, whose 
work was earlier referred to in Chapter 4. The discoveries leading to 
our knowledge of the involvement of water, carbon dioxide, and sunlight in 
photosynthesis are briefly described. The importance of photosynthesis to 
the animal world must be emphasized as the only process whereby energy 
becomes available to all heterotrophs. 

The common photosynthetic organ of a green plant is the leaf, whose 
chloroplasts contain chlorophyll. The reason for the greenness of green 
plants becomes apparent in the paragraphs dealing with light and photo- 


Synthesis, in which it is pointed up that the green light is reflected, and 
On the basis of these obser- 


certain other wavelengths absorbed heavily. 
vations, dramatically illustrated in Figure 15-3 (text page 289), an absorp- 
Figure 15-4 (text page 290). 


tion curve can be constructed as shown in ; 
We know that chlorophyll is the special substance that traps light energy 


and makes it available for those reactions involved in photosynthesis. In 
this section, however, students are led to understand that we do not com- 
pletely understand either the process of photosynthesis or the detailed 


role that chlorophyll plays in the process. Neos i 
In Chapter 14 it was pointed up that carbon dioxide is more abundant in 
aquatic than in terrestrial environments. This chapter points up the nec- 
essary plant adaptations for obtaining, in the terrestrial environment, ade- 
quate amounts of carbon dioxide for photosynthesis. The functioning of the 
guard cells to control the openings into the leaf is a fine example of an 
internal regulating mechanism. The role of the stomata in controlling 
water loss is also correlated with guard cell activity, and the necessity 
for control of water loss is sometimes apparently contradictory to the ne- 
cessity of the stomata being open for passage of carbon dioxide. The sys- 
tem of conducting tissues in the leaf serves not only to remove manufac- 


tured food, but to bring water to the leaf from the root. 
In discussing the biochemistry of photosynthesis, there is an excellent 


Opportunity to review the earlier chemistry chapters and to relate og 
contents to the process of photosynthesis. Here again the PUTE m 

meet ATP, atoms, molecules, and electrons. As Figure 15-9 (text page 
298) summarizes, photosynthesis is seen to require light for only part of 
its series of reactions, the rest being capable of taking place without light. 
The magnitude of photosynthesis occurring on the surface of the earth is 
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discussed, and students can be led by open-ended discussion to the obser- 
vation that more efficient photosynthesis could lead to increasing supplies 
of foodstuffs and other materials. From their knowledge of the photosyn- 
thetic process, the students are asked to speculate on ways in which its 
efficiency can be improved, and they are given information on some of the 
areas in which current work is proceeding toward this goal. 

Within this chapter there are ample opportunities to stress thematic 
materials, such as complementarity of structure and function, homeostasis, 
adaptation, evolution, and the molecular nature of living processes. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 300) 


1. Cells of the palisade and spongy layers of leaf tissue, together with 
the paired guard cells, contain chloroplasts. 

2. Wavelengths of light in the blue, violet, orange, and red regions of the 
visible spectrum are absorbed by chloroplasts. This can be demon- 
strated experimentally by passing a beam of light through a solution 
of chlorophyll, then through a glass prism, and noting the wavelengths 
that are partially or completely absent—an indication that they have 
been absorbed by the chlorophyll solution. 

3. Light in the green region of the spectrum is transmitted, along with 
most of the light in the yellow region, and small parts of the blue and 

red. This result is interpreted as demonstrating that green and yellow 

light, and small parts of the blue and red, are neither absorbed nor 
used extensively in the process of photosynthesis. 

The carbon dioxide in the air enters the leaf through the stomata, dis- 

solves in the watery layer covering the spongy and palisade cells, and 

is thus absorbed. As it is absorbed from the air spaces and used in 

photosynthesis, its concentration within the leaf drops, and it diffuses ~~ 


ore a from the surrounding atmosphere into the air spaces of 
e leaf. 


The guard cells control the opening and closing of the stomata and, 
thus, the rate of diffusion of materials into and out of the air spaces 


within the leaf. On the leaf of a water lily, one would expect to find 


guard cells on the upper surface, as they wo i i 
value under the water. gs Sa ae ea 


6. Photosynthesis takes place in the illuminated guard cells and, as sugar ; 


accumulates in the guard cells, the relativ i Š 
e conce de 
creases. Water then diffuse : Tusa celia ta 


the guard cells, rendering t 
Sages connected at both ends and form a i i i 

(containing carbon dioxi ike leat Wek ie aed” 
cells are not illuminate 
amount of water in the 
of the guard cells into 
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the plant has begun to wilt, the stomata are closed by the diffusion of 
water out of the guard cells; further loss of water through the stomata 
is thus prevented, until the water supply is built up again by transport 
from the roots. 

8. The veins of the leaf, containing xylem and phloem cells, allow water 
to be moved into the leaf from the root area through the xylem cells. 
Carbon dioxide passes through the stomata into the air spaces within 
the leaf, from which it diffuses into palisade and spongy cells. Light 
penetrates the surface cells of the leaf to activate the chlorophyll, 
and carbohydrates are manufactured (from the carbon dioxide and 
water supplies). The phloem cells of the leaf veins then move the 
manufactured carbohydrates from the leaf to the stem and roots where 
the carbohydrates are stored as starch. } 

9. The oxygen produced by photosynthesis comes from the water that is 
used, not from the carbon dioxide. This fact has been demonstrated 
experimentally by use of a radioactive isotope of oxygen in the water 
or the carbon dioxide supplied to a plant. For example, if the water 
used in photosynthesis contains O*° instead of the more usual 0", a 
check of the oxygen given off by the plant will reveal the source of the 
oxygen. 

10. In the light reactions of photosynthesis, the absorbed light energy 
causes high-energy electrons to be released from the chlorophyll 
molecules. Some of the energy is immediately used to change ADP to 
ATP, and the rest is used to split molecules of water, leading to for- 
mation of TPNH or other high-energy hydrogen compounds (containing 
hydrogen derived from the water). Chlorophyll thus provides the elec- 
trons (eventually returned to the SO iy ime ana whose energy 
is transferred partly to ATP and partly to $ 

11. In the dark eT of photosynthesis, ATP and reduced TPN (TPNH) 
react with molecules of carbon dioxide to form water and glucose. 
Thus, part of the original energy of light that was captured in ee f 
and TPNH becomes locked up in the form of chemical energy in glu 
cose molecules. Without the sources of energy and hydrogen A 
and TPNH) provided by the light reactions, the dark reactions cou 


not take place. 
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chapter 10 STEMS AND ROOTS—A STUDY 
OF COMPLEMENTARITY OF 
STRUCTURE AND FUNCTION 


RATIONALE 


In Chapter 15, the theme of complementarity of structure and function 
wage resented hut oe in the discussion of the leaf. Chapter 
, in its treatment of the stem and the root, opens by stressi again 
the importance of this theme. E 5 i 
we stem, as an organ of support and conduction, can be categorized aS Ry 
a prerpacedue or woody. In either case, the upward conduction of wa~ 
er and solutes takes place through a system of cells known as tracheids 
n eeel: The downward conduction of sugars through the stem to the 
I accomplished through the sieve tubes of the phloem. 
if aes cambium is studied as the region of growth in the stem 
NAN bee) Eoo prlosm and xylem (including the annual rings Of 
Pete E, produced by multiplication and differentiation of cam 


See 
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the term ‘“‘active transport”’ is yet to be introduced by the textbook, this 
1S an example of the process, and some teachers may wish to introduce 
the term at this point. 

The upward movement of materials in plants takes place at a rate far 
beyond that expected by the force of atmospheric pressure alone. The as- 


ameter (tracheids and vessels), to whose walls water tends to adhere. In 
this case, the evaporation (transpiration) of water from the leaf can pull 
unbroken columns of water to heights that would be impossible in a simple 
Physical System depending only upon capillarity and atmospheric pressure. 

The movement of materials downward through the phloem of the stem 
depends on living tissues, for here again movement is occasionally against 
a gradient, requiring energy (which only living cells can provide). Students 
Should See, at this point, that the energy required to move materials 
through the plant is derived from plant foods, produced by photosynthesis; 
thus, the ultimate source of energy so expended is the sun. 

seneral, plants store about 25 percent of the food they manufacture. 

This food becomes the source of supply for the heterotrophic organisms of 
the world. Thus, the storage of starch in the cortex of roots and stems 
Constitutes the sole source of nutrients for the animal kingdom. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 316) 


l. The Stems of higher plants perform two major functions: (a) support 
for the leaves and other photosynthetic tissues of the shoot; and (b) 
tr ansport of materials from leaves to roots and vice versa. The 
stems are adapted to these functions in several ways. In herbaceous 
stems, mechanical strength and support are provided partly by bun- 
dles of vascular tissue (and their ‘‘cap’’ cells) and partly by the tur- 
gidity of the stem cells. In woody stems, strength and support are 
Provided by secondary growth of vascular tissue—the amua] wings of 
Xylem produced by the cambium layer. In both woody and her Agrona 
Stems, vessels and tracheids carry water and dissolved solutes oe 
Toot to leaf while the sieve tubes of the phloem carry dissolved sug 
“rs from the leaf to the root. Seat 

= this sense, herbaceous plants depend upon water to mei gai 

3 rgor, a factor in the mechanical strength of stems an pe sree 8 

` Aquatic plants are buoyed up by water; their weight is no ee y 
the Stem. Itis not necessary for these pianis to have firm, s g 
Stems such e that support land plants. 

F Xylem stes kasi of vessels and tracheids that con Ana 
dissolveq solutes from the root to the leaf. Phloem yee ie 
m es and their associated companion cells; dissolved sug 
rom leaf t ough the sieve tubes. / 

2 Both facheide meena consist of series of deaa So E E 
gS Conducting elements. Tracheids have permeab e ATEA et 
with periodic thin areas called “pits,’’ through whic 


ae to end to 
casily pass, Vessels are hollow and are joined a bel move, 
in aa an open pipelike structure through which ma e dat 
ìn contrast to the situation in tracheids, where 


iffuse across the pits. 
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6. The cells of the sieve tubes of the phloem transport the dissolved 

sugars from leaf to root. 

7, The rings of growth of woody plants can be interpreted as determin- 

ing the age of the plant, for in temperate climates, the cambium 
forms cells of different sizes corresponding to the varying conditions 
during the growing season, resulting in the ringlike pattern. Each new 
ring of numerous layers of xylem cells serves to mark one year’s 
growing season. 

The root serves to anchor the plant, absorb water and soluble nutri- 

ents from the soil, and provide conducting tissues for distributing 

these substances to the tissues of the stem, or the shoot. The root 
contains a core of xylem tissue and phloem tissue that conducts mate- 
rials, it has thin-walled root hairs that readily absorb water and nu- 
trients from the soil, and as it grows it penetrates the soil more 
deeply or over a wider area, serving to anchor the plant. 

. Atmospheric pressure alone is sufficient to raise water to a height of 
10.36 meters (at sea level), a height far less than that of many of our 
tall trees. Transpirational pull, which occurs as water evaporates 
from the leaf, better accounts for the rise of water in tall trees. Con- 
ditions for this rise are: (a) the water must be in tubes (dead cells) of 
small diameter, to whose walls the water will adhere; and (b) the col- 
umn of water cannot be broken by gas bubbles. Under these conditions, 
as evaporation in the leaves occurs, water will be drawn upward from 
the roots through the stem and into the leaves. 
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carter |] REPRODUCTION 
AND DEVELOPMENT IN 
FLOWERING PLANTS 


RATIONALE 


This chapter ends the second subsection of Part II of the textbook. 
Chapters 12-16 have led the students through an evolutionary development 
from fungi and primitive plants to the highest evolved land plants, parts 
and functions of which were treated in Chapters 15 and 16, and now in 
Chapter 17. 

The final topic in the coverage of the plant kingdom is reproduction and 
development in the flowering plants. Students have had numerous expo- 
Sures to reproduction at the cellular level and in the various representa- 
tive plants covered in the evolutionary plant story. Here are reviewed, in 
terms of flowering plants, the elements of asexual reproduction as evi- 
denced by vegetative propagation, and the highly evolved means of sexual 
reproduction. 3 

In order to understand reproduction in the flowering plants, students are 
first introduced to the structure of a generalized flower and then to the 
flower as a functional reproductive structure. A study of fertilization, the 
development of the seed, and subsequent growth and feruednen ne gives 
Opportunity first to review mitosis and secondly to understand how cells 

come specialized in a multicellular organism. For the latter purpose, 
the development of the root and the shoot are used as examples. ioe 

Little attention has been paid by most textbooks to plant Leen aon 
the €nvironment. Here the student is introduced to OP oa onic 
anisms of tropic responses through the historical deve eerie for 
Covery of auxins and their mode of action. Bioassay as 


i i is introduced and will later 
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inds of plants. Practical applications of the use 

man are discussed. 
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b. From man’s point of view, vegetative propagation is advantageous 
because it introduces no new genetic recombinations; plants of 
proven quality can be used to produce large numbers of identical 
plants for commercial purposes. 

The pollen tube digests its way through the tissues of the stigma, 

style, and ovary to the ovule, and thus forms a passageway along 

which sperms can pass to reach the egg and the polar nuclei. 

One sperm unites with the egg to form a zygote, and the second sperm 

fertilizes the fusion nucleus to induce the formation of the endosperm 
tissue, in which foods are stored for subsequent use by the embryo. 
A seed is the structure produced by the development of an ovule ina 
seed-bearing plant, after fertilization has taken place; included in the 
seed are an embryo plant, stored foods, and a seed coat. A fruit is 
the structure produced by the development of an ovary of a flowering 
plant, after fertilization has taken place; as a rule it contains seeds 
(although in some fruits, seeds are not produced). 


. Cross-pollination assures the greatest possible variety of offspring. 


Producing a variety of plants is an advantage, for some may be capa- 
ble not only of living in the environment of the parent plants but of 
extending the range into environments to which the parent plants had 
not been well adapted. Two of the disadvantages of cross-pollination 
are: (a) the production of some plants that are less well adapted to 
the existing environment than the parent plants were; (b) the risk that 
cross-pollination may not take place efficiently in the population of 
plants, because of the absence of insects at the proper time, or the 
absence of sufficient wind, or other difficulties. 
Observation of a young bean plant reveals the mitotic processes and 
differentiation of cells and tissues, whereby an increase in cell num- 
ber is followed by an increase in the size and number of types of 
cells. The patterns of growth in the root and shoot can be observed— 
cell division near the tip, elongation of cells a bit removed from the 
tip, and differentiation of cells that are approaching their maximum 
elongation. 
The ultimate source of energy for the growth and development of a 
young plant is solar energy, captured by photosynthesis and stored in 
the form of chemical energy in starches produced by the plant. 3 
The vascular cambium is the thin layer of cells between the primary 
xylem and phloem of each strand or bundle of vascular tissue in the 
stem. The cambium cells retain their capacity to divide and produce 
E e is Me a cells so produced that differentiate into sec- 
m an oem and i i i 
Hasta thats: Bae cause an increase in the diameter of 
Charles Darwin’s controlled experiments on the growth of plants in- 
volved exposing seedlings in an otherwise dark room to a single, 
directional source of light. The tips of some seedlings were protected 
by tiny caps of tin foil; the tips of some of the other seedlings were 
removed rather than shaded. Subsequent observation showed that the 
tips were the regions that react to the light, causing curvature toward 
the light some distance below the tips. : 
peer used the technique of bioassay for measuring the relative 
S TER He allowed the active substance to diffuse from cut. 
T h ips into agar, and he demonstrated that the amount of auxin 
sorbed by the agar was proportional to the number of cut coleoptile 


tips that had been placed on the agar. The actual bioassay consisted of 
measuring the degrees of curvature produced in decapitated coleop- 
tiles by auxin from agar blocks that had been exposed to different 
numbers of cut coleoptile tips. 
11. IAA is used to stimulate the formation of roots in cuttings that are 
difficult to propagate. NAA is used to retard sprouting of potatoes, as 
well as to help prevent the falling of fruits before they are fully devel- 
| oped. NAA is also used to accelerate the production of flowers and 
\ fruits. Gibberellins are used to stimulate stem elongation, and 2,4-D 
\ is used to kill unwanted plants (by inducing abnormal growth). Thus, 
‘auxin and other growth substances can be used to control patterns of 
(growth and development and to eliminate unwanted plants. 
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au 1B THE WORLD OF ANIMALS 


RATIONALE 


Earlier chapters have set the stage for the study of highly evolved het- 
erotrophs; accordingly, this chapter introduces students to the animal 
kingdom. The distribution of animals is shown to be dependent upon the 
distribution of plants and upon the physical environment; a review of the 
distribution of organisms in the biosphere shows that life occurs ina 
fairly shallow zone over the planet Earth—a zone in which water, oxygen, 
and plants are available to animals as food sources, and carbon dioxide 
and certain organic compounds are available to the plants. Temperature, 
too, limits the distribution of organisms. Despite the millions of species 
of plants and animals on the earth today, few are found in the truly hos- 
tile environments of the globe. 

The common features of plants and animals—cell structure, basic bio- 
chemistry, and energy sources—are discussed. The major difference be- 
tween green plants and animals is that green plants are autotrophic, while 
animals are heterotrophic. 

Here again, as earlier, the difficulties of trying to classify organisms 
arbitrarily as plants or animals are discussed. However, students are 
provided with a working definition of ‘‘animal’’—a definition that will fai 
m some cages but work for most. A growing awareness of the concept ° 

animal’’ is left for development in subsequent chapters. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 342) 
1. 


Life is most abundant where light, moderate temperatures, and sup- 
plies of necessary chemical substances are available. These condi- 
; a reach a peak in the moist tropical regions of the earth. 

. If man controls his environment, the process of natural selection of 
individuals best suited to survive is no longer as critical, for the 
E eae can be modified for the survival of individuals who could 
Sena withstand the environmental rigors. In effect, the de- 
ANE a of natural selection by the environment could preven 

aA eel directed courses of human evolution. | 
acta eh mals are alike in being composed of cells that contain 
, Chromosomes, nucleoli mitochondria, Golgi bodies, ribo- 


som an i 
es, and cell membranes. In both types of organisms, cell nucle} 
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not have chlorophyll, and their cells do not have thick cell walls. 
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THE ANIMAL way OF LIFE 
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ture of the essential processes 


animal pattern is established first for a one-celled organism, after which 
the more complex animals will be studied (in later chapters). 

The animal is introduced as an organism completely dependent on the 
biochemical proficiencies of other organisms for its existence. The food- 
gathering way of life is dependent upon some sort of digestive mechanism 
(except in parasites) to break down the large molecules obtained from the 
environment, either intracellularly or extracellularly by hydrolytic reac- 
tions controlled by enzymes. The problems of movement, feeding, diges- 
tion, transport, assimilation, energy release, water removal, hydrostatic 
balance, coordination and behavior are all described for Paramecium. 

Reproduction of Paramecium is both sexual and asexual. It is the first 
animal reproduction students will have studied in this course. Later it 
can be compared with and contrasted to reproduction in other animals. At 
this point it should be related to reproductive patterns in microorganisms 
and plants. 

Coordination and behavior in Paramecium is of a relatively simple type; 
Paramecium population growth demonstrates some of the same principles 
studied earlier in populations of developing yeasts and bacteria. Parame- 
cium is in competition with other protozoans. Its ability to withstand un- 
favorable environmental conditions, perhaps by forming cysts—although 
these have never been seen and identified—can ps roams gre to spore fon 

ion in microorganisms previously studied; whatever the exact metho 

Hes iva: it gables Paramecium to compete successfully with more en- 
i ensitive organisms. 2 . 
ea ae E the essential processes of animal life are near 
viewed, and a question is raised as to whether Paramecium should be con 
sidered a single cell or an acellular organism. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 357) 


1. Most animal cells require oxygen, water, salts, glucose, fatty acids, 
amino acids, and glycerol, as well as vitamins. 

2. Animals can be regarded broadly as parasites because they depend 
upon other organisms for their organic molecules. 

3. During digestion, either intracellular or extracellular, carbohydrates 
are hydrolyzed to glucose or other simple sugars, all proteins are 
hydrolyzed to mixtures of amino acids, and fats are hydrolyzed to 


fatty acids and glycerol. All these hydrolytic reactions are enzyme- 
controlled. 


4. Food molecules that reach the cells by diffusion are used in one or 
more of three ways: (a) for the synthesis of new living material; (b) 
for the production of secretions, or (c) for the liberation of energy. 

5. 


One-celled animals must carry on all life activities within the single 
cell of which they are composed. Multicellular animals develop cel- 
lular specializations, so that some cells become adapted for digestion, 
some for contraction, some for transmission of impulses, and others 
for other living processes. The problem may seem more complex for 
one-celled animals than for multicellular organisms, but the difficul- 
ties of diversification for one cell are more than balanced by the dif- 
ficulties of coordination, supply, and excretion among many cells. 

6. Paramecium obtains its food by sweeping food materials along the 
oral groove into the gullet, and then into a food vacuole, which is 
formed at the end of the gullet. Cilia lining the oral groove create the 
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currents that bring in the food. The larger food molecules are di- 
gested in food vacuoles that circulate through the body of the Parame- 
cium. 

7. Digested foods are distributed to all parts of the Paramecium by. the 
flowing of the cytoplasm within the cell membrane, and to a lesser 
extent, by diffusion. 

8. The energy of ATP is used for all the energy-requiring activities of 
the cell, just as in all higher organisms. The oxygen needed for en- 
ergy release diffuses across the cell membrane into the cell from the 
pond water. 

9. Carbon dioxide and water are the major wastes of carbohydrate and 
fat metabolism. Ammonia is a waste product of protein metabolism. 
Carbon dioxide and ammonia diffuse out through the cell membrane. 
Water is largely expelled by the contractile vacuoles. 

10. Contractile vacuoles maintain water balance by pumping excess ac- 
cumulated water out of the animal. Without such a hydrostatic struc- 
ture, the cell would accumulate water until it burst. 

11. Saltwater protozoans would not be expected to have contractile vacu- 
oles because they are essentially isotonic with their saline environ- 
ment; in other words, the relative concentration of solutes inside and 
outside the cell is similar, so that excesses of water do not diffuse 
into the cell. 

12. Some evidences of a coordinating mechanism in Paramecium are its 
responses to a variety of stimuli and the fact that its cilia beat in a 
coordinated fashion to move it through the water. 

13. Paramecium reproduces asexually by a process of cell division, in- 
volving the division of both nuclei. Å A 3 

14. As in all cases, sexual reproduction is significant in the introduction 
of genetic variation into new individuals. The long-term effect of 
sexual reproduction is to provide a variety of hereditary patterns 
from which the processes of natural selection will pick those most 


suited to the environment. } 
15. When a living food organism, such as yeast, is introduced into the en- 
vironment of a population of Paramecium, the cycle of growth and de- 
cline of the Paramecium population follows that pattern established 
by the yeast population. When a predator of Paramecium, such as 
Didinium, is introduced, the entire Paramecium population may be 
wiped out. When P. aurelia is introduced into the environment of a 
population P. caudatum, the competitive advantage of P. aurelia 
to operate in its favor. The P. aurelia pop- 


causes natural selection $ a o 
ulation increases, While the P. caudatum population declines and is 


eliminated from the culture. 
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crapter 20 THE DIVERSITY 
AMONG ANIMALS—VARIATIONS 
ON A THEME 


RATIONALE 


In the previous chapter students have been introduced to the animal way 
of life as exemplified by a single kind of animal, Paramecium, In this 
chapter, the diversity of animal life is emphasized. The principles of 
classification by which biologists seek to establish degrees of relationship 
among animals are introduced. 

The development of the species concept is handled from the historical 
viewpoint, beginning with John Ray and culminating in the binomial nomen” 
clature of Linnaeus. The need for a common, worldwide system of nam- 
ing organisms becomes evident when students are made conscious of the 
inadequacies and the sectional variability in use of common names. 

‘After the establishment of the species concept, students are shown how 
species are classified into larger and larger groups, such as genus, fam” 
ily, order, class, phylum, and kingdom. From this, the idea emerges tha 
biological classification is one way of systematizing biological knowledge: 
The more homologous structures and processes two organisms have in 
common, the more closely they are related. Analogy, as contrasted to 
homology, is a functional relationship without a basic similarity. ; 

As biological classification has been commonly based upon superficial 
morphological evidence, it is necessary to point out in some detail that 
functional and biochemical homologies are also valid bases for classifica 
tion, and that they may contribute increasingly to classification in the fu vy 
ture, especially in establishing relationships where morphological differ 
ences tend to suggest few, if any, direct evolutionary links. 
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Ten phyla are characterized and will be the ones emphasized in the text 
and laboratory study of animals. It is important to avoid highly detailed 
J morphological and systematic descriptions within the various phyla, for 


two reasons: (1) the general principles of classification within the ten 
phyla can be grasped readily, without the repetitive emphasis of long-term 
systematic studies; (2) the zoological classification scheme is at best ina 

A state of transition, awaiting evidence that can help clarify hundreds of un- 
resolved problems that have never been brought to the attention of students 
(thus, much of what would be learned in elaborated classification studies 
might have to be ‘‘unlearned’’ later). 

Following the introduction to variety among animals, the chapter con- 
cludes with the observation that, despite the tremendous variety in the 
animal kingdom, all animals are much alike in basic ways: they must all 
obtain food, digest it (parasites excepted), transport the digested products, 
respire, excrete, reproduce, act ina coordinated way and, in general, 
carry out similar life patterns. The remaining chapters will deal with 
these various life problems, using specific examples from the phyla cov- 


ered in this chapter. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 378-79) 


1. The common names that are applied to animals are highly variable, 
frequently local, and inconsistent. Scientific names are applied by a 
set of established rules, are internationally recognized and constant, 


and each is used for only one species. f 
2. John Ray’s concept of a species was that of a group of organisms con- 


isti i imi Ë dern usage regards a 
sisting of the offspring of similar parents Mo ; g 
PE as a group of individuals that naturally interbreed with one 


another. A ; 
3. The term binomial nomenclature means a naming system employing 


the system devised by Linnaeus in which every 
ae ea EA bye generic and a trivial name, which eee 
constitute its specific name. The use of binomial nomenclature as 
systematized and simplified naming by eliminating the use pian z 
; than one name for any species and by eliminating the use of the sam: 


name for more than one species. tng tt 
i tegory, from genus to family, family o ` 
4. Each successively larger EER aE broader, less detailed similari- 


ordi der to class, etc., : È 
Hes ACTE otherwise different groups of organisms to one an 
t 3 f 
5 Peona that belong to the same family have more features in i 
; common than two that belong to the same order but to different fami- 
lies. Two animals that belong to different orders but to the same class 
sil i mon. l 
have still fewer features in com Mss in orein evo MHon The 
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ogous—that is, they are not related in the same fashion in which the 
leg of a man is related to that of a dog. 

8. The basic coelenterate body plan is one with radial symmetry and a 
single opening into a digestive cavity. The body wall is a simple sac 
of two cell layers with noncellular material between them. 

9. Flatworms have flattened, bilaterally symmetrical bodies consisting 
of three layers of cells. The nematodes have cylindrical rather than 
flattened bodies, and have no clearly marked head ends. Both groups 
of worms differ from the earthworms in not being segmented. 
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MULTICELLULAR ANIMALS 


RATIONALE 


organs, and organ systems (first introduced in Chapter 8) 
tems of transport within the body. 
ecause mino acids, simple Sugars, vitamins, gl; 
are rare in the natural environment, animals almos 
stances directly available to them. In addition, t 


Organic sources is complicated by the fact that they 
rated into Compounds whose m 


yceerol, and fatty acids 
t never have these 
heir availability from 


ANSWERS TO GUIDE QUESTIO 
1. The cells of 


NS AND PROBLEMS (text page 397) 


2. All animals must obtain water, amino acids, simple sugars, fatty 
acids, glycerol, vitamins, oxygen, and other organic and inorganic 
substances from their environment. 

3. Proteins, complex carbohydrates, and fats must be broken down into 
simpler, smaller molecules that can pass through cell membranes by 
diffusion. 

4. In Paramecium, digestion is intracellular, as is most of the digestion 
jn a hydra. Food vacuoles are found in the cells of both Paramecium 
and the hydra. The main difference is that in a hydra, a certain 
amount of extracellular digestion also takes place, unlike in Parame- 
cium. 

5. A tube-type of digestive tract with openings at both. ends is more effi- 
cient than the single-opening, saclike system because it permits spe- 
cialization of parts in a succession of digestive tasks as the food 
passes through the tube. 

6. Chemical reactions proceed on the exposed surfaces of the material 
involved in the reactions. Chewing the food and breaking it up into 
smaller particles provides more surface for what subsequently is 
faster enzyme action. 

7. The action of bile on fats does not consist of a chemical alteration of 


n 


would not be important to freshwater fish, as adequate water is al- 

ready available for lubricating the food as it is passed quickly to the 

stomach in the fish. Further, any enzymes secreted into the oral cav- 
ity of the fish would be washed away in the water that passes over the ¢ 
gills (and thus out of the pody) during respiration. 

9, The hormones permit a rapid specific stimulation of secretion of di- 
gestive enzymes in the tract of man. Gastrin stimulates the secretion 
of gastric juice in the stomach, and secretin stimulates secretion of 
pancreatic juice. 

10. The end products of digestion of carbohydrates are glucose and other 
simple sugars; of fats, fatty acids and glycerol; and of proteins, amino 
acids. All of these small molecules can pass through cell membranes; 
can be used for energy, and can be used by the cell to make its own 
specific structure. 

11. The length of the small intestine, and the folds and villi of its inner 
lining, greatly increase its inner surface area and thus adapt it for 
absorption of the products of digestion. In addition, lymph and blood 
capillaries are available to carry away the soluble foods that are 
absorbed. Absorption is by means of diffusion, active transport, an 
a combination of the two. 

12. The role of the large intestine in the digestive process js mainly the 
absorption of water. It also acts as a site of inhabitation by symbiotic 
bacteria that produce vitamins; the vitamins are absorbed along with 
the water that passes from the large intestine to the ploodstream. 
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the fat molecules. 
8. The salivary glands, found in the digestive systems of land vertebrate 


&% 
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Cn 22 TRANSPORTATION WITHIN 
MULTICELLULAR ANIMALS 


RATIONALE 


No animal or animal ce 


€ can exist with diffusi 
Therefore 


ll large enough to be s 


OWever, 
ive cavity 


monary and a systemic one, and arteries, capillaries and veins are the 
essential organs of man’s circulatory system. This system is charged 
with transporting all foods, wastes, gases, and other materials through 
the human body. The fluid that is pumped, the blood, consists of plasma 
and cells, with most of the dissolved components carried in the plasma, 
and the oxygen and carbon dioxide carried principally by the red blood 
cells. White blood cells protect the body against bacteria, and the plate- 
lets are concerned with the clotting of blood. Because of the escape-of 
liquid from the blood vascular system, a second system, noncirculatory 
in nature, collects the fluid as lymph and returns it to the circulatory 
system. This lymphatic system also acts to filter out harmful substances 
by means of its lymph nodes. 

Students are quite likely to take the circulation of blood as a long-known 
and established fact, but a review of the work of William Harvey and 
Marcello Malphigi will help them to understand that blood circulation has 
been known for only about 300 years. Even then, its original demonstra- 
tion by Harvey was quite incomplete. Harvey’s theory of circulation 
awaited the development of the microscope before it could be proved. 

From this chapter, students should develop an understanding that a 
transport system is necessary and is present in all complex multicellular 
animals. With minor variations, the system can be delineated as having 
some sort of pumping mechanism (heart), vessels for the transporting of 
liquid (arteries and/or veins, and capillaries), and a circulating fluid (the 
blood). 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 411) 


1. Since diffusion depends upon molecular movement, it is extremely 
slow and is therefore effective as the principal transport mechanism 
only in microscopic forms or relatively small multicellular animals. 

2. A simple and complete transport system would consist of a series of 
interconnecting tubes, some with thin walls and some of which could 
Tay and serve as pumps to move the contained circulating fluid 
blood). 

3. Plasma filters through the capillary walls of the blood vascular syS~ 
tem, leaving the blood cells and most of the proteins behind. This 
plasma filtrate constitutes the tissue fluid that bathes the body cells- 

4. An open circulatory system, such as that of a grasshopper, consists 
of a heart and some major vessels leading from it. There are no 
capillaries or veins, however; the blood drains back to the heart 
through body spaces. In a closed system the entire circuit of the 
blood is within vessels (arteries, veins, and capillaries), with an €x- 
change of material between the blood vascular system and the body 
cells occurring in the region of the capillaries. A closed system iS 
more effective because the contained fluid moves more rapidly from 
heart to tissues and back, thus transporting materials at a faster 
rate than in an open circulatory system. 

5. Transport systems function to carry digested foods, wastes, oxyge™ 
carbon dioxide, hormones, vitamins and, indeed, all of the materials 
transported through the body. 

6. Harvey studied hearts of many animals and determined that the heart 
was actually a pump. He postulated and demonstrated that blood mov® 
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10. Blood Plasma contains: (a) wastes, removed from all body cells; (b) 


11. Red blood cells carry oxygen and some carbon dioxide, white blood 


Cells fight bacteria, and platelets are concerned with the clotting of 
the blood, 
12, 
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chapter L $ RESPIRATION IN 
MULTICELLULAR ANIMALS 


RATIONALE 


Respiration is a chemical process whereby glucose and some other sub- 
stances are broken down to carbon dioxide and water, with the liberation 
of energy that may be stored as ATP. In addition to being expressed 
chemically, the term ‘‘respiration’’ applies to all the events concerned in 
getting oxygen to cells and in disposing of carbon dioxide. Respiration 
includes breathing, but breathing is not synonymous with respiration. 
Breathing is a term reserved for those events concerned with pumping 
air in and out of respiratory organs (lungs or tracheal tubes). Thus, 

a Paramecium or an earthworm may respire, but it does not breathe. 
Similarly, when one says that a frog ‘‘breathes”’ through his skin, this is 
a misnomer. Oxygen is diffusing through a moist membrane, the skin. 
The breathing is done only in relation to the lung of the frog. 

The problems of respiration are somewhat similar to those encoun- 
tered in digestion. In forms in which there is extracellular digestion, the 
small food molecules simply diffuse across cell membranes. Similarly, 
oxygen and carbon dioxide diffuse across the cell membrane of: (1) pro” 
tozoans such as Paramecium, and (2) each cell in hydras and planarians- 
However, just as specialized digestive and transport structures are foun 
in multicellular animals, so we find specialized respiratory devices in the 
multicellular terrestrial animals. In the earthworm, the skin acts aS the 
respiratory organ, but this is possible only because of the development of 
the circulatory system to the point where there is a very extensive capil” 
lary bed beneath the surface of the skin. In the grasshopper, the circu- 
latory system is of little consequence in respiration, for the tracheal 
tubes, which ramify throughout the arthropod body, carry the oxygen to 
the individual cells and remove carbon dioxide. ‘ 
ak eres gon a respiratory system are well exemplified in man, 

re large, thin-walled moist surfaces (the lungs) absorb oxygen from 
the inhaled air and release carbon dioxide from vascular tissues into the 
exhaled air. The structures concerned with breathing in man are dis- 
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A 
cussed, and the complex mechanism whereby air is forced into and out of 
the lungs is described in some detail. 

It is obvious that in man the respiratory organs themselves are not suf- 
ficient to provide oxygen to reach individual cells and, therefore, respira- 
tion requires not only the elaborate breathing mechanism, but the circu- 
latory system as well. In the previous chapter the red blood cells were 
discussed. Here, their oxygen-containing pigment (hemoglobin) is des- 
cribed; students learn that hemoglobin is combined with oxygen in areas 
of high oxygen tension, and releases the oxygen in areas of low oxygen 
concentration. Carbon dioxide is carried mostly as a bicarbonate ion in 
the plasma; only a part of it combines with hemoglobin. In considering the 
chemical reactions that account for the transport of oxygen and carbon 
dioxide, students come to appreciate that neither hemoglobin in its oxygen- 
carrying capacity, nor the water involved with the bicarbonate ion, are 
ever consumed, but simply used over and over again. 

At this point a review is in order so that the student does not think of 
the body as so many isolated and unconnected systems, a disjunct idea that 
frequently Occurs when digestion, transportation, and respiration are 
Studied in isolation from one another. The concluding remarks of this 
chapter focus the student’s attention on the interrelationships between the 
Circulatory system, the respiratory system, and the digestive system, for 
ae of them will exist and operate effectively independently of the 
Others, 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 420) 


l. Gills are effective respiratory organs because they are moist, have a 
large Surface area and a rich blood supply, and are in contact with 
Water that contains oxygen. f r 

2. In that both tracheal tubes and lungs are internal, their moist surfaces 
lose relatively little water by evaporation to the outside of the body; 
in this sense, they are advantageous respiratory structures in terres- 
trial forms. Both have large surface areas exposed to the air, with 
its Oxygen supply. In addition, the lungs have a rich blood supply. 

3. In Complex animals, the circulatory system serves to take oxygen 
from the lungs (or other respiratory organs) to the cells, and to re- 
turn carbon dioxide from the cells to the ee Without this trans- 
Port mechani nimals could not properly respire. 

4. The n weenie molecules, such as hemoglobin, increase the 

oxygen-carrying capacity of the blood to from 13 to 50 times as much 

as could be carried by water without hemoglobin. g 

The hemoglobin molecules of blood have a great affinity for oxygen. 

hey form a loose chemical combination with it, giving it up readily 

O Oxygen-deficient cells. Upon their return to the respiratory or- 

Aue they pick up additional oxygen. One of their chief advantages is 

at the up in this process. i f 

6- Most of the oen ane carried in the blood is in the form of bi- 
Carbonate ions in the plasma. The remainder is carried by the ae 

7 looq cells, either as bicarbonate ions or combined with ae fo) a 

4 Respiration in the tissues involves an oxygen requirement and a car 
On dioxide release. In pulmonary respiration, the blood gives up the 


carbon dioxide and absorbs oxygen. 


ól 


8. At high altitudes, where the partial pressure of oxygen is low, breath 
ing is more rapid in an attempt to bring more oxygen into the a 
However, since the concentration of oxygen is relatively low, the pr 
portion of hemoglobin that forms oxyhemoglobin in the lungs is less 


than at sea level, and therefore, the cells do not receive as much 0X- 
ygen as they need. 
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chapter 24 EXCRETION IN 
: MULTICELLULAR ANIMALS 


RATIONALE 


i 1 » aS a part of the process of respiration, Chapte? 
24 will consider only the rem ther than carbon dioxide- 
In a protozoan such as Paramecium, carbon dioxide and ammonia dif- at 
ugh the cell membrane, and the contractile vacuoles pump ae 
excess water. Diffusion is likewise sufficient to handle the carbon diox? 
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and nitrogenous wastes of the cells of a hydra, while an expenditure of 
energy is necessary to rid the cells of water. Movement of material 
against a gradient is spoken of as active transport, and the active trans- 
port of water from the cells of a hydra requires energy. (This is also 
true of the contractile vacuoles in Paramecium.) 

In the planarian, diffusion still accounts for the removal of carbon di- 
oxide and nitrogenous wastes, but a special system of flame cells and 
tubes removes excess water. Again an expenditure of energy is necessary 
for the latter. 

In the terrestrial earthworm, there are not only specialized waste- 
absorbing cells, which ultimately deposit their wastes as pigment in the 
skin, but also a pair of excretory tubes for nearly every segment of the 
body. The excretory tubes carry wastes to the outside of the body. 

In the grasshopper, wastes are passed from the body through Malpighian 
tubules into the digestive canal, and thence to the outside. The type of ex- 
cretory product, whether it be ammonia, urea, or uric acid, is dependent 
upon the amount of water available to the animal. Ammonia is highly toxic; 
it can be the nitrogenous waste product only in those animals that have 
great supplies of fresh water available to them (for example, Paramecium, 
hydras, planarians, and to a lesser extent, earthworms). Urea is less 
toxic and is excreted by those animals that have a moderate supply of 
water available to them (man, for example). Uric acid requires the least 
amount of water and is least toxic. It is the chief nitrogenous waste pro- 
duct in insects and birds. 

__For a consideration of excretion in man, it is helpful to review the chem- 
istry of Chapter 5—at least the parts dealing with proteins. The physiology 
of excretion provides an excellent opportunity to impress upon students a 
Practical application of this chemistry. The ornithine cycle, as a mecha- 
nism of converting highly toxic ammonia into relatively nontoxic urea, ex- 
€mplifies anew the cyclical nature of many biological processes. (You may 
Wish to compare it to the transport of oxygen by hemoglobin, as noted in 

hapter 23.) The human excretory system is considered in some detail, 
and its parts are related to the overall process of excretion, The kidney 
Offers a fine example of homeostatic control of the internal environment 

Y a combination of the processes of filtration, diffusion, reabsorption, 
and active transport. F , 

he problem of maintaining a constant internal environment involves 

the digestive, respiratory, excretory, and transport systems. This balance 
1S maintained within relatively close tolerances, for even minor variations 
may lead to extreme disruption of body metabolism. In the chapter sum- 
mary, text Figure 28-8 shows these interrelationships and gives an op- 
Portunity to pose the question of how this interrelated group of activities 
S Coordinated, thus providing a transition to the coverage of coordination 


in the following chapter. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 430) 


l. The important waste substances produced by the metabolic activity of 
Complex animals are carbon dioxide, water, and nitrogen-containing . 


1 3 id. 
Compounds such as ammonia, urea, and uric aci 7 
2, The circulatory system picks up the waste products of cellular metab- 


i 3 r kcretory or ans) 
Olism and carries them to the kidneys (or other excretory organs), 
Where they are selectively removed from the bloodstream as a part 
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of the homeostatic maintenance of a constant internal environment. If 
there were no excretory organs, there would be no mechanism to re- 
move waste products from the blood; conversely, without the circula- 
tory system, the excretory organs would not be provided with the waste 
products that they excrete. 
Glucose is reabsorbed from the tubule of the nephron and restored to 
the blood, even though its concentration in the blood is higher than 
that in the tubule. Simple diffusion alone cannot account for this move- 
ment against a concentration gradient; active transport, which involves 
the expenditure of energy, must be involved. 
4. The kidneys remove from the blood those substances, except COz, that 
are in excess concentration, thus, along with the lungs, keeping the 
composition of the blood constant. 
The cells of a hydra are in direct contact with the external environ- 
ment, so that simple diffusion can take care of its excretory needs. 
The cells of the planarian, however, are not all in contact with the 
external environment; an additional internal system is necessary to 
remove wastes, principally water. 
All excretory structures have the same functional aspect in common— 
that is, they remove from the internal environment of the body the ex- 
cess by-products of metabolism that would interfere with the normal 
chemical activities of the cells. Because of their selective activity in 
removing waste products, they regulate the level of these substances 


in the organism and, thus, contribute to the internal maintenance of 
homeostasis. 
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chapter 2) COORDINATION IN 
MULTICELLULAR ANIMALS 


RATIONALE 


Division of labor among cells in multicellular animals leads to speciali- 
zation, and the specialized cells, in turn, become dependent one upon an- 
other. With the advent of dependent cells, coordination is a necessity, for 
no organism could long exist with one or more groups of specialized cells 
carrying on their activities completely independent of the cells of the rest 
of the body. The ultimate purpose of coordination is survival, by: (1) 
maintaining normal homeostatic conditions for the life of the cells; and (2) 
responding to the surrounding environment in such a way as to make fur- 
ther homeostatic control even more probable. 

A Simple coordinating system can exist with only three parts: a coor- 
dinator, a way for information to pass from the parts of the organism to 
the Coordinator, and a way for information to pass back from the coordi- 
nator to the various parts of the organism. These interrelationships of 
transfer of information to and from a coordinator are admirably demon- 
Strated in breathing, which is used as an example of a process that in- 
volves coordination of cellular metabolism, the circulatory system, the 
Muscular and skeletal systems, and the respiratory system. 

_All organisms have some kind of coordinating mechanism; even the 
Single-celled Paramecium responds to its environment by coordinated 
movements of its cilia. In the majority of multicellular animals, coordinat- 
ing systems are of two kinds, the nervous system and the endocrine system. 

-n the nervous system, stimuli are received by receptors and are trans- 
mitted as nerve impulses, passing along neurons until they reach effectors, 
which respond to the nerve impulses by: (1) contracting, if the effector is a 
Muscle; or (2) secreting, or ceasing to secrete, if the effector is a gland. 

S the neurons in a neuron network or system do not fasten to one an- 
Other, there is a slight gap between each one and its neighbor. This gap 
1S called a “synapse.” ; 

t The nervous system of a hydra is of a net-type, controlling the con- 

Taction of the animal. Ina planarian there is a beginning of centralization, 
a Concentration of neurons that can be called a brain, two main nerves 
(bundles of neurons) running the length of the body, and numerous lateral 
Nerves, Sensory neurons carry nerve impulses from receptors to the 
centra] nervous system; motor neurons carry the nerve impulses from 
Re central nervous system to the effectors. The nervous system of man 
a an elaboration of that seen in the planarian, with a wider variety of 

©Ceptors, and with a brain and spinal cord that serve as coordinating 
Centers between the sensory and motor neurons. ; 

he relationship between the nervous system and the endocrine system 
developed through the work of Loewi on the hearts of frogs, leading to 

e discovery that acetylcholine and adrenaline are necessary parts of the 

unctioning nervous system and are not confined exclusively to the endo- 
Tine system. 

ile the nervous system acts on specific muscles or glands, and acts 


Vi 
By rapidly, the hormones secreted by the endocrine system may have a 
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more diffuse or general effect, and act a a more slowly (because 
istributed by the bloodstream). 

Een eee of man are introduced, but are not peace NL 

main theme of the endocrine section. The story of diabetes a i eee 

the discovery of it as an endocrine deficiency disease is deve alee ee 

story in scientific experimentation and observation; the importan ob 

mal experimentation as demonstrated by th work of Von Mering Fae 

Minkowski, and the work of Banting and Best, is the point to be ee acne 

Without this animal experimentation we might still, today, be withou 


edge (of the cause of diabetes mellitus) that has saved hundreds of thou- 
sands of lives. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 448) 


1. Division of labor leads to cellular specialization, and hence, to the 


necessity of coordinating the functioning of all the parts as the func 
tioning of the whole. y a 
In that carbon dioxide is a chemical substance traveling in the bloo 
stream and influencing the breathing center of the brain, it might be 
considered a hormone. However, it is not a glandular secretion but, 
rather, a waste product of general cell metabolism. » 
A lowered oxygen content of the blood, coupled with an increased car 
bon dioxide content due to cellular activity, influences the nervous J 
system through the breathing center, which in turn causes accelera 
tion of the rate of breathing in an attempt to get more oxygen into the 
blood. This interrelationship between cellular activity, the circula- 


tory system, the nervous system, and, ultimately, the muscular and 
skeletal systems is an exa 


mple of coordination of specialized body 
parts. 


The breathing center detects the concentration of carbon dioxide ae 

the blood and controls the rate and depth of breathing by stimulating 
the nerves that lead to the diaphragm and the rib muscles. 

5. The nervous system of a hydra is in the form of a network with no 


central mass of neurons. There are no definite pathways for nerve 
impulses, and there are few specializ 


ed receptors. In a planarian h 
there is a concentration of neurons that may be called a brain, whic all 
Serves as a central coordinator. In addition, there are two longitudine 
nerves, consisting of sensory and motor neurons, and numerous late 
nerves. There are a variety of receptors in the body of the planarian: 

6. The neuron is 


t generally long and thin, somewhat like an electrical z 
wire. (However, its mechanism for transmitting impulses is not €X 
actly analogous to the wire’s transmi 


ssion of electricity.) n 
The work of Loewi on the hearts of frogs first demonstrated the S¢ 
cretion of chemicals (acetylcholine and adrenaline) by nerve endings: 
Subsequent work has related this phenomena to tissues and organs ° 
the body other than the heart. 
The cerebrum is the seat of man’s superior intelligence; specific 
areas of it are associated with such functions as movement and re- 
ception of information (impulses) from the sense organs. The cere t 
brum is further concerned with originating impulses that are sent OY 
to the various parts of the body. of 
The principal thyroid hormone, thyroxin, regulates the general rate 
metabolism of the body. ; 
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10. The pituitary secretes a hormone that affects the secretion of thy- 
roxin by the thyroid, and thus, in part, controls the action of the thy- 
roid glands. 

11. The suspected gland could be removed from the body, and the results 
of this removal noted. If it had secreted an essential hormone, a 
metabolic disfunction should occur. As a check on the disfunction, the 
gland could be reimplanted, or its hormone injected, following which 
the animal should be normal again, at least temporarily. 

12. Hormones from the thyroid gland, the thymus gland, and the pituitary 
gland serve to control and regulate body growth. However, malfunc- 
tions of any of the endocrine glands may lead to growth abnormality. 

13. The regulation of glucose is complex. Several endocrine glands are 

‘involved—principally, the islets of Langerhans, the pituitary, and the 
adrenals. 

14. The hormones of the adrenal glands influence the concentration of 
blood salts and the way in which glucose is used in the body. The 
adrenal medulla controls the rate of breathing and heartbeat and in- 
creases the concentration of glucose in the blood; it prepares the 
body for emergency situations. The parathyroid hormones control 
calcium metabolism in the body. 
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chapter 20 ANIMAL SUPPORT 
AND LOCOMOTION 


RATIONALE 


While some animals are sessile, as most plants are, by far the majority 
of animals are mobile. Mobility seems to be a heterotroph property, pri- 
marily because of the necessity of the heterotroph to search for its food— 
a situation unlike that of a sessile plant, which can manufacture its food 
without the necessity of locomotion. 

Chapter 26 is essentially a chapter on locomotion, involving the skeletal 
and muscular systems of multicellular animals. Coordinated with loco- 
motion is body form. Sessile animals are those that show relatively poor 
locomotor ability and tend to be radially symmetrical—or otherwise tO 
exhibit symmetry other than bilateral symmetry, which is the type found 
in rapidly moving animals. 

Protozoa exhibit several 


types of locomotion involving flagella, pseudo- 
podia, and cilia. These loc 


omotor structures are coordinated within the 
animal and so provide directional movement. Some coelenterates, such 
as jellyfish, move by a type of jet propulsion. Some echinoderms have 2. 
water vascular system that moves the tube feet. Planarians glide on cilia, 
as waves of muscle contraction Pass along the body, and earthworms show 
an accordionlike type of locomotion, based upon alternate contractions of 
longitudinal and circular muscle. However, none of these organisms is 4 
rapid mover, because all of them, even though they have locomotor struc- 
tures, lack appendages. Rapidly moving invertebrates, such as the grass 
hopper, have an exoskeleton to which the muscles fasten; the vertebrates, 
on the other hand, typically have an endoskeleton. i 

The type of muscle that moves the skeletal parts of the body is termed f 
skeletal muscle. (Other types of muscle which may be considered are car 
diac and smooth muscle, but they play no part in the locomotor story here 
developed.) As a muscle works only by contracting, a pair of muscles iS 
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required to produce an action and reaction, such as flexion and extension. 
Contractility seems to be a basic attribute of cytoplasm, and skeletal 
muscle is composed of highly specialized contractile proteins, the two 
most common being myosin and actin. The energy for contraction of skel- 
etal muscle comes from ATP; another energy-rich phosphate compound, 
creatine phosphate, is involved in converting ADP to ATP. A glycogen- 
glucose-lactic acid cycle also is involved in muscle cell metabolism and 
Provides another of the textbook’s examples of internal regulation, em- 
phasizing the theme of homeostasis. 

The advantage of an exoskeleton is primarily the advantage of a suit of 
armor, external protection. Usually the exoskeleton must be shed if the 
animal is to grow. An internal skeleton, however—one that is itself capa- 
ble of growth—enables an animal to increase greatly in size, as evidenced 
by whales in the ocean and elephants on land. Whether we are dealing with 
endoskeletons or exoskeletons, however, the structure is important in 
locomotion and support, and in protecting internal parts of the animal. The 
endoskeleton is a living part of the organism, in which, in man, red blood 
cells are produced, fat is stored, and calcium is deposited or withdrawn 
according to metabolic needs. 

Patterns of locomotion are closely tied to skeletal components. Through- 
Out the evolution of land-inhabiting vertebrates froni ancestral fish, the 
Skeletal and muscular systems and the mode of locomotion of the animal 
offer excellent examples of complementarity of structure and function, as 
Well as examples of adaptation to specific environments. At this point the 
teacher may wish to introduce the concept of adaptation by means of nat- 
ural Selection, as exemplified by the varied patterns of the vertebrate 
Skeleton, but this should be only a brief mention, as a prelude to a more 
detailed discussion that will come in Chapters 34 and 35. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text poge 461) 


l. Bilateral means ‘‘two sides.” In a bilaterally symmetrical animal, a 
Tine drawn down the center of the animal, from head to tail, divides it 
in two approximately equal halves. In a radially symmetrical organ- 
ism, the body is arranged like a wheel around a central point with no 
definite head end, and no right or left. The fact that bilaterally sym- 
metrical animals have evolved more effective locomotion (and those 
with exoskeletons and endoskeletons more effective support for their 
bodies) has made them more successful than radially symmetrical 
forms in adapting to a terrestrial life. : 

2. With a skeleton for the attachment of muscle, locomotion becomes 
more effective and rapid than in organisms without skeletons, such as 
the earthworm. e Mat 

3. Striated muscle cells (or fibers) consist of a number of individual 
muscle fibrils containing dozens of lengthwise filaments of actin and 
myosin. The chemical energy of ATP causes the actin and myosin 
filaments to slide past each other and the distance between the Z 

:ņ bands shortens, thus contracting each fibril in a muscle cell. 

4. Contraction of muscle fibers involves the respiratory, circulatory, 
digestive, and excretory systems, as well as the muscular system. 
Glucose brought to the muscle fiber during rest is converted into 
glycogen and stored in the muscle. Following contraction of the müs 
cle, this glycogen is converted into glucose and oxidized to lactic acid. 
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xidative steps yield enough ATP to replenish the supply of 
nets phosphate and ATP used by the contraction. The Shee hs 
lactic acid is then used to help replenish the glycogen supply; one i 
fifth of the lactic acid is oxidized, providing the energy necessary O 
convert the remaining four-fifths back to glycogen. Thus, the con 
traction and recovery mechanisms of muscle fibers demonstrate a 
self-regulating and homeostatic capacity involving glycogen, glucose, 
ATP, creatine phosphate, lactic acid, and muscle proteins (such as 
myosin and actin). 3 i : 4 
Exoskeletons are rigid and heavy. They restrict an animal’s move ” 
ment and limit growth, making it necessary for the animal to molt in 
order to increase in size. If exoskeletons contained living cells and 
were able to grow, their limitations would presumably be fewer. 
Opposing muscles are those that work in pairs. When one muscle of 
a pair contracts, it moves the skeleton in a characteristic way. For 
the skeleton to move back to its original position, the other muscle of 
the pair must contract as the first relaxes. The opposing muscles 
thus oppose one another in the directional movement they produce. 
Without them, the skeleton could not “‘recover’’ from a previously 
produced movement, or move in the opposite way. 
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Chapter 2 | REPRODUCTION IN ANIMALS 


RATIONALE 


Reproduction has been considered several times previously in the 
course—in the mitotic division of cells, and in viruses, bacteria, and 
various types of plants. In this chapter, the student learns of reproduc- 
tion in animals (which should be compared with, and contrasted to, repro- 
duction in the organisms studied earlier). 

The advantages of sexual reproduction over asexual reproduction, in in- 
troducing a variety of genetic types upon which natural selection can act, 
have been emphasized previously. Partly because sexual reproduction has 
Obvious evolutionary advantages, and partly because it is the more com- 
mon and more complex of the two types of animal reproduction, it is the 
Pattern emphasized in this chapter. The male sex cell is the sperm, the 
female sex cell the ovum. The union of the two creates the cell from which 
a new individual develops. 

External fertilization is one method many aquatic animals utilize. How- 
ever, this is a somewhat haphazard process, successful only because of 

he enormous number of eggs and sperms produced. A better method of 
€nsuring the union of sperms and eggs is internal fertilization. The se- 
quence of reproductive specializations involves a means of accomplishing 
fertilization internally, a reduction in the number of eggs produced, stor- 
age of a food supply in the egg, and the protective retention of the develop- 
mg embryo in the reproductive tract of the female. The development of an 
amnion (which protects the embryo in a liquid-filled cavity), a placenta 
(Which brings in a constant food supply), and mammary glands (which sup- 
Ply newborn young with a source of energy and the materials needed for 
Srowth and development) are major evolutionary steps that help ensure the 
Viability of offspring. $ A 
nly terrestrial animals have developed embryonic membranes in which 
the embryo is protected both from mechanical injury and from the danger 
of desiccation. A ik Oe 
ammalian re ion is studied in terms of the platypus, the opos- 
Sum, the cow, ant cane eae the latter, the male and female reproductive 
organs are introduced, the cyclical nature of the female reproductive sys- 
em is emphasized, and human birth, with its necessary physiological 
changes, is discussed briefly. A i itait 
© coordination of the female reproductive cycle, involving the pituitary 
Blands, ovaries and the uterus, is another example of the role of the endo- 
ee system in maintaining internal regulation. This example is dealt 
3n some detai he text. s 
the ith the Snai ror laid earlier in the course, experiences pno that 
4 is chapter on animal reproduction, and especially the sections on Ta 
teProduction, can be taught factually and without embarrassment to ei i 
ney 2 clay in part because of the baste intrest ofthe shen, and 
art bec i nemotional emphasis 0 } 
seProduction as of the mupid ee process involved in the maintenance of 
cies, : 
inane 1960, feedback from teachers who have taught this mater has 
Stravsted complimentary reactions from students and Barents E ef 
tunete forward and complete discussion of a most important biolog 
on 
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ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 481) 


1. 


10. 


Ts 


12. 
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Insofar as binary fission, spore formation, and budding do not involva 
the fusion of the nuclei of two cells, and also do not involve the proce 
of meiosis, they are somewhat similar methods of asexual reproduc 


tion. 

Individuals produced by asexual reproduction normally have the exact 
genetic pattern of the parent; thus they should be identical with the 
parent in all hereditary traits. 


‘The two basic events in sexual reproduction are meiosis and fertili- 
zation. g 
Meiosis reduces the chromosome number in the sex cells to a mon A 
ploid condition. Fertilization combines two monoploid cells, one fro 


each parent, to form a diploid cell bearing genetic material from both 
the male and female parent. 


In sexual reproduction each 
which differ in the genes the: 
combine at fertilization, 
produced. 

The sperm and the e 


the offspring. Thus, quantitatively they are similar. Qualitatively, 
however, they differ, since their respective genetic contributions do 


` 
chromosomes. 


eater opportunity for the sperm to 
n external fertilization. 


parent produces a variety of gametes, 
y contain. Thus, when ova and sperms 
many different variations in offspring are 


l P inside the female are protected in a constant 
rnal environment, are provided with food and oxygen, and have 
their metaboli 


ch protection and nourishment gives the 
embryo a better chance to develop, and the species a better chance tO 
survive, 


longer a limiting factor, 
Estrogen affects the i ing i itoti ivi q 
y increasing it ity, bloo 
supply, and amount of ti i A 
thickening of the ute 
ment, so that a rich, 


ment of a fertilized Ovum. 


13. The chorion of the human, together with the adjacent part of the uterine 
tissue, makes up the placenta. The amnion grows around the embryo 
itself and becomes filled with fluid that keeps the embryo moist and 
Protects it from adhesions and mechanical injury. The yolk sac in hu- 
mans is a degenerate structure and does not contain yolk. The allan- 
tois, together with the chorion, helps form the placenta, and the stalks 
Of the allantois and yolk sac are surrounded by amniotic folds that 
form a tube—the umbilical cord—connecting the developing embryo 
with the placenta (and containing the remnants of the yolk sac and 
allantois). 

14, The role of the ovary in the control of the reproductive cycle involves 
the release from the ovarian follicle of estrogens, which stimulate 
uterine growth. After ovulation, progesterone is secreted from the 
Corpus luteum and further acts on the uterus. If pregnancy does not 
Cccur, the decrease of progesterone influences the onset of menstrua- 
tion and starts the cycle over. ‘ 

15. The Pituitary gland influences both the ovary and the uterus. The pitu- 
itary hormone FSH stimulates the ovarian follicles to grow. After 
growth of the follicles, the pituitary hormone LH induces ovulation, 
and the follicles change to corpora lutea. A third pituitary hormone, 

H, stimulates the development and secretion of the mammary 
glands, in addition to stimulating the corpora lutea to secrete proges- 
ferone. Both FSH and LH are necessary in order for developing fol- 
licles to secrete estrogen. Different activities of the ovaries occur in 
the presence of different concentrations of the pituitary hormones. 
Thus, the pituitary hormones of mammals play a major part in influ- 
encing the activities of both the ovary and uterus during the female re- 
Productive cycle, 

+ 
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cnapter L È THE DEVELOPMENT 
OF ANIMALS 


RATIONALE 


The process that begins with fertilization and ends with the formation of 
the adult body is called development, and the study of development is a 
called embryology. To leave students with no deeper knowledge of develop 
ment than that portion of the reproductive story involved with fertilization 
(covered in Chapter 27) would be to give them an incomplete understand- 
oE ya the process whereby the union of two gametes produces a neW indi- 
vidual. 


The four main features of develo : i i nini 
featu pment are: (1) an increase in the 

ber of cells by mitosis; (2) growth; (3) cellular differentiation; and 

organization of the differentiated cells into tissues, organs, and SyS 


Amphibian embryos are used as an i my 
example of typical vertebrate €™. 

Epes that demonstrate the four processes erori above. (Here again, 

students encounter reasons for the use of animals other than man in €% 


Biase te Ooi A great amount of information of value to the study of man 
any other animal can be obtained by studyi ted, OF 
ignifi i ying apparently unrelate@, j 
me significant, animals. This is another En of the theme of unity 
at was established by the first eight chapters of the textbook—a@ theme 


that has been further illuminated by studies of different types of O ganis™®! 
ich have essential properties in common.) Because amphibi 


tems. 


hibian 
e 4 
mbryos are easy to get, easy to maintain, and easy to use in experiment 


Ties Sri for development studies. The patterns of development exe 
Mepis SIRER study of a salamander are explained by both text an 
Paliers ae ae SRY that students should become familiar with the 
The HR BN tee without getting involved in minute details. -he 
three embryoni aaa of vertebrate development is the formation of t 
adult RRRA ila from which all of the tissues and organs of Ao 
tion. ill arise by the processes of differentiation and orga" 


q lust? 
major 


- 
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ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text poge 493) 


1. e 
oE I EO cg fertilized egg, the vegetal hemisphe? 
wnwar i i n 
2 Shae of the egg is PARA ilianen pigan ine 
- The four proces i PS ? 4 
PERR n Ses involved in embryonic development are: (a) ap. 


) joni 
he number of cells; (b) growth; (c) cellular ditferentiatl? 
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and (d) organization of differentiated cells into tissues, organs, and 
systems. 

3. Salamander or other amphibian embryos are extremely hardy, and 
they do not require extra food because of their contained yolk. The 
eggs are easy to collect in almost all areas of the world, and they can 
be artificially fertilized as necessary. Furthermore, the embryonic 
Covering of amphibian embryos is usually transparent, so that devel- 
Opmental details are not obscured. 

4. By the time the fertilized egg of the marbled salamander has devel- 
ped for 29 hours, the process of cell division has produced hundreds 
of cells, which are particularly small at the animal hemisphere. The 
embryo Consists, at this time, of a hollow ball of cells filled with 
fluid and is termed a blastula. The cells, while superficially alike, 
are Chemically more different than their appearance would suggest. 

5. By the time the embryo is 50 hours old, a rearrangement of cells is 

aking place, caused by the movement of surface cells into the inte- 
rior through the blastopore; in other words, the process of gastrula- 
tion is Proceeding. By the 80th hour, the cells on the surface of the 
embryo are largely those that will form ectodermal structures, the 
remaining cells having moved to the interior through the dorsal lip of 

the blastopore, The blastoporal groove at this stage now forms a 

Complete circle. By the 105th hour, the neural ridges have enlarged, 

moved together, and fused at their top edges to form a tube, which N 

will be the dorsal hollow nerve tube. The part already closed by this 

time will form the spinal cord, while the anterior, still opened area 

will be the brain. d 
e fact that the basic features of all vertebrates are alike suggests 

common developmental patterns in the early stages, and, in later 

evelopment, variations that enable us to distinguish one species 
aes another, These common features provide strong evidence of 
escent from a common ancestor. A 

i ite the ectoderm are derived the nervous system and the skin and 

ve Covering (hair, scales, feathers, etc.). From the mesoderm are i 
crived muscle, skeleton, circulatory system, excretory system, eid 
Productive System, and inner layer of skin. From the endoderm com 


the lining of the digestive and respiratory systems. 
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chapter 29 THE ANALYSIS 
OF DEVELOPMENT 


RATIONALE 


Two theories of development, preformation and epigenesis, are pre- 
sented to the students with supporting evidence, and they are to determine 
the accepted theory by consideration of the evidence. As they deal with 
development through the experimental work of Roux and Driesch, in con” 
trast to the nonexperimental approach of Aristotle, the students will dis- 
cover that development is largely epigenetic. i 

Epigenesis is more difficult to explain than preformation. The work of 
Spemann on the development of the neural tube has provided much evi- 
dence upon the cause of differentiation. The phenomenon of embryonic 
induction, as discovered by Spemann, accounts for many of the observe 
aes of differentiation. 

_ Two examples of continued development in adu i are regenera” 
tion and abnormal differentiation, both of which aN n e E Qe 
Ane E of continued growth and differentiation of tissues. 

a 2 chapter serves as a culmination of the three-chapter sequence 

egan with reproduction. From these chapters, students should hav? 


ee an understanding that will permit them to retain a knowledge of the 
asic principles of the formation of a new individual. 
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ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text peges 503-04) 


1. On the basis of what was known of mitosis, each cell ina dividing zy- 
gote would be expected to be exactly like the others. Accepting epi- 
genesis thus posed the difficulty of cell differences that could not be 
explained until the concepts of differentiation and organization were 
introduced. 

2. In the classical sense, yes. There is no little man in the sperm. How- 
ever, the embryo does receive a preformed genetic makeup. It is the 
genes that preserve the genetic continuity of the offspring. 

3. The experiments of Roux were first interpreted as evidence of pre- 
formation, and those of Driesch as evidence of epigenesis. Today, the 
experiments of both men, considered together, are interpreted as 
evidence that development is largely epigenetic. 

4. Spemann hypothesized that the ectoderm must be influenced by other 
parts of the embryo in order to develop into a neural tube. Specifi- 
cally, he thought that the mesoderm stimulated the ectoderm to de- 
velop into the nervous system. When he removed the mesoderm from 
beneath the ectoderm, the ectoderm did not develop into nervous tis- 
sue, nor did ectoderm that was removed from the embryo develop into 
nervous tissue. These findings supported his hypothesis. 

5. The work of Niu, wherein a piece of mesoderm from the dorsal lip 

h area was left in a salt solution for a few hours, then was removed and 
| replaced by a piece of ectoderm, showed that ectoderm when in a so- 
lution previously exposed to mesoderm would form nervous tissue. 

| Since the ectoderm differentiated just as it would have done in the 

| presence of the mesoderm, obviously the mesoderm must have left 

some kind of chemical messenger behind in the solution. Later the 
chemical messenger was shown to be a nucleic acid. 

6. Regeneration resembles embryonic development in that it involves the 
same kinds of processes that were necessary for the initial develop- 
ment of the organism. 

T. The phenomenon of regeneration is widely distributed throughout the 
animal kingdom, from sponges and coelenterates to man, although not 
to the same degree in each. Apparently, regeneration is limited to 

i relatively unspecialized cells. Highly specialized cells, such as al- 
most all of the cells found in the higher vertebrates, do not lend 
themselves to being regenerated easily. 

8. Cancer is a problem of abnormal cell division and metabolism. The 
rapidly developing cancer cells get the raw materials they use for 
division and growth from the normal cells or organs. Thus, as cell 
division is one of the four major components of development, cancer 
can be considered to be a developmental problem; a better understand- 
ing of developmental processes may therefore provide clues as to 


how to stop abnormal cell growths. 
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chapter PATTERNS OF HEREDITY 


RATIONALE 


. 1-8) a Within diversity has been the combined theme of Parts I (Chapters 
Saher | (Chapters 9-29) of the textbook. But how did both the unity and 
inorgani sity come to be? The origin of the first organic matter from an 
we ais ele ge is lost in antiquity (nonetheless, in later chapters 
ever that ‘tempt to reconstruct it). There is ample direct evidence, how- 
coming in the course of time organisms have changed, on the whole be- 
in the more diverse and implying thereby a common ancestry somewhere 
Past. Unity, in other words, must have preceded diversity and today 


remai 
ains strongly evident within it. 
ontinuity, maintained by 


tion. It is this continuity 


Pra, first chapter in Part III, based upon previous s 
Cenar eon, introduces the study of gene 
i rned with heredity and variation in 


r ; 
Repuctive cells constitute the heredity 0 
x y determines what the new indivi may 1 
A teironment determine what it does become. The examples cited by 
Com ook include both plants and animals, and serve to emphasize the 
Plex heredity environment interaction. 
ing S phenomenon of heredity has been used by man for thousands of years 
5 electively breeding animals, such as dogs for hunting, cows for milk, 
re Sheep for wool. It was not until one hundred years ago, however, when 
foe Sor Mendel made his pioneer study of heredity in peas, that the basis 
Selective breeding began to be understood. 
leq ae genetic story is introduced through the work o. 
Siong Tough Mendel’s original hypo 
» Which can be summarized as 


f Mendel. Students are 
iments to his conclu- 


\ exist: 

who (2) for any particular hereditary trait, € 
ag May or Tayo be alike; (3) if the determiners (alleles) are differ- 
dy, OVE will be dominant an 


i 
ng gamete formation, and eac 
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pair; and (5) there is a random uniting of gametes at fertilization, resulting 
in a predictable ratio of alternative traits in offspring. $ 

Mendel’s work is meaningless without a discussion of probability, which 
introduces the dimension of quantitative interpretation of data into the study 
of biology. While some students may tend to reactunfavorably to the introduction 
of mathematics, the mathematics involved is essentially simple algebra, to 
which students at this level have already been exposed. The algebraic multi- 
plication can be easily taught and quickly learned if the initial block of some 
students toward mathematical manipulations is rapidly overcome. 

The work of Mendel involved single trait inheritance only in plants; none- 
theless, his conclusions, within the framework of their obvious limitations, 
find general application among all living organisms. A number of problems 
involving calculations of probabilities in heredity are suggested for student 
exercises. These should be worked out either in class or as homework to 
ensure that the students comprehend the principles involved in single-factor 
inheritance. 

The study of single-factor inheritance leads to the study of multiple al- 
leles, whereby more than two different alleles of the gene affect a specific 
trait. Human blood type, for example, is determined by multiple alleles, 
and the problems suggested in the text serve to dramatize the effect of 
such alleles. 

Simultaneous consideration of two different traits introduces a glimpse of 
the progression of probabilities in variation among offspring. From an un- 
derstanding of the 3 : 1 phenotypic ratio in Mendel’s experiments to the 
9 : 3: 3: 1 phenotypic ratio in a dihybrid cross, students are given the es- 
sential data for reaching their own limit of conclusions about Mendel’s 
laws (especially independent assortment) and all the complex possibilities 
of variation. 

Another complication lies in store for the students, when they discover 
that not all traits with which we are familiar seem to express themselves 
either as single factors or multiple alleles. These continuously varying 
traits involve several different pairs of genes. Comprehension of this idea 
has led to many genetic improvements of crop plants and animals, including 
the development of hybrid corn and the phenomenon of the ‘‘double cross,” 
which masks the effect of undesirable genes. Hybrid corn alone contributed 
over 2 billion dollars to the American economy during the years 1942-45. 

_The possibilities that are opened for mankind by the intelligent use of 

simple genetic principles shouldimpress students with the value of the work 
of geneticists. The promise for the future, in spite of man’s carelessness 
with his resources of today, is very great, provided only that carelessness 
does not continue (a topic that will be discussed more fully in Chapter 40). 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text pages 525-26) 


1. Each ovum and sperm contains a randomly selected monoploid set of 
chromosomes, which combine at fertilization. Thus, each ovum and 

A pcem contributes half the genetic complement of a new organism. 

; ihe So ibution of the ovum to the new individual differs from that of 

au mae ecause of the greater cytoplasmic contribution made by 

3. an fruit fly, environmental temperature affects the curling of the 
wines to the extent that it can cause the wings to be straight regardles® 

e presence of the hereditary makeup for curly wings. In green 
80 


11, 


i 12, 


plants, despite the genetic instructions to produce chlorophyll, none 
will be produced unless the plants get light. In human beings, environ- 
ment apparently influences the development of intelligence; identical 
twins who have similar or identical hereditary complements but are 
raised in different environments differ somewhat in intelligence (at 
least as measured by I.Q. tests). The environment thus controls the 
expression of certain genes. 
The features of the planning of Gregor Mendel’s experiments that were 
important in his success were: (a) he studied a large number of off- 
spring; (b) he limited each cross to a single pair of alternative traits; 
and (c) he used mathematics to analyze his data and arrive at the the- 
ory explaining his results. 
Mendel chose to work with garden peas because they are easy to culti- 
vate and cross, the generation time is reasonably short, numerous 
varieties are available, and the offspring of crosses between the vari- 
eties are fertile. Of greatest importance to him was the structure of 
the pea flower, which allows it to be self-pollinated and not cross- 
pollinated by bees or other insects. 
To ensure that the parent pea plants were pure-bred for the traits he 
was observing, Mendel let the plants fertilize themselves for a number 
of generations. He studied the offspring of each generation to make 
Sure they were like one another and like the parent plant. 
In order to eliminate the variable effects of environment on the inheri- 
tance of his garden peas, Mendel must have grown them in similar 
SOils, watered them and fertilized them in a similar manner, and, 
insofar as possible, made sure that they were exposed to similar 
Weather conditions of rain, wind, and sunlight. - 
If homozygous dominant plants provided eggs and homozygous recessive 
plants were pollen sources, all of the offspring would be heterozygotes. 
If the situation were reversed, the same results would be still obtained, 
The significance of these results is that each parent, whether through 
egg or sperm, contributes equally to the hereditary complement of the 
Offspring. | z 
viduals in genetics experiments gives 


cause the large numbers minimize 
provide more 


accurate data for mathematical analysis. , 
The following are heterozygotes: JAIB, Bb, IBi, Aa. The homozygotes 
i types would have the same 


alleles is: JATB, IBi, ii. 
sS is one in whi ism to be tested is mated with 
Fe CET O erin s recessive genotype for the 


One that is known to have the homozygou $ 
trait in neson Because each offspring from such a mating must re 


i t, the 
Ceive one recessive gene from the homozygous recessive parent, 


Phenotype of the offspring will depend on the Fa a pee 
being tested. If even one offspring demonstrates age yg 
cessive trait, the tested parent must be heterozyg on ales 
Two dominant alleles or a dominant and recessive au e b p PR e 
dominant characteristic. Two recessive alleles produc i 
chara terit A dominant and a recessive allele may produce an in- 
Ae such as pink color in four-o’clocks, 


completely dominant characteristic, 
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i it (in single-trait in- 
ile it is true that only two genes for a given trait (in single trai 
i ese) may occur together a me coe of any ee aoa ace 
many more than two different alleles of the gen ei caine tat 
opulation. Three alleles, for example, eter: 
a ie ose. Though they may be paired in any Genrer ons 
two can be present in a single individual. The genes for pipet ae 
and B determine those blood types both in a homozygote and in a 
ozygote in combination with the recessive for 0. When they occ nae 
gether, the blood type is AB. Only in the absence of both these g 
i e 0. j 
14 a E genetic combinations from a trihybrid Ta 
i Any homozygous combination will occur in 1/ 64th of the cases aan 
ample, AABBCC). Any single heterozygote combination will para 
1/32nd of the cases (example, AaBBCC). Any double heterozygo 


combination will occur in 1/16 of the cases example, AABbCc). Any 


triple heterozygote combination will occur in 1/8th of the cases (ex- 
ample, AaBbCc). 


The algebraic solution is derived by performing the A cross, B cross, 
and C cross separately and then combining the results of the three 
crosses by algebraic multiplication. 


The first three hybrid crosses are: 


Aa x Aa yields 1/4 AA + 1/2 Aa+1/4aa 
Bb x Bb yields 1/4 BB + 1/2 Bb + 1/4 bb 
Ce x Ce yields 1/4 CC + 1/2 Ce + 1/4 ce 

The first two crosses above can be combined as: 
1/4 AA + 1/2 Aa + 1/4 aa 

x 1/4 BB + 1/2 Bb + 1/4 bb 


The results of this cross are: 


Genotype Phenotype 
1/16 AABB tall black 
1/8 AaBB tall black 
1/16 aaBB short black 
1/8 AABb tall black 
1/4 AaBb tall black 
1/8 aaBb short black 
1/16 AAbb tall white 
1/8 Aabb tall white 
1/16 aabb 


short white 


ine genotypes with the third hybrid cross (1/4 
S; 


The combination of these n 
CC + 1/2 Ce + 1/4 ce) i 


p 

1/16 AABB + 1/8 AaBB + 1/16 aaBB + 1/8 AABb + 1/4 AaBb + 1/8 380 
+ 1716 AA ) + 1/8 + 1/16 aabl 

x 1/4 CC + 1/2 Ce + 1/4 ce Sbb + 1/8 Aabb + rae 


The results, in tabular form, are: 


Genotype Phenotype 
1/64 AABBCC tall bl 

aR ack curly 
1/32 AaBBCC 


tall black curly 
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1/64 aaBBCC short black curly 


1/32 AABbCC tall black curly 
1/16 AaBbCC tall black curly 
1/32 aaBbCC short black curly 
1/64 AAbbCC tall white curly 
1/32 AabbCC tall white curly 
1/64 aabbCC short white curly 
1/32 AABBCc tall black curly 
1/16 AaBBCc tall black curly 
1/32 aaBBCc short black curly 
1/16 AABbCc tall black curly 
1/8 AaBbCc tall black curly 
1/16 aaBbCc short black curly 
1/32 AAbbCc tall white curly 
1/16 AabbCc tall white curly 
1/32 aabbCc short white curly 
1/64 AABBcc tall black straight 
1/32 AaBBec tall black straight 
1/64 aaBBec short black straight 
1/32 AABbec tall black straight 
1/16 AaBbee tall black straight 


short black straight 
tall white straight 
tall white straight 
short white straight 


1/32 aaBbec 
1/64 AAbbec 
1/32 Aabbec 
1/64 aabbee 
Some students may solve this problem by means of a “‘checkerboard.”’ 
So, they will fill in 64 squares, using the following eight gametes for 
each parent: ABC, AbC, ABc, Abc, aBC, abC, aBe, abe. 
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chapter 81 THE CHROMOSOME THEORY 
OF HEREDITY 


RATIONALE 


iena a 


the chromosome theory of heredity was established. The extension of 
Bridges’ work on nondisjunction to humans shows that this phenomenon, 
which can be further exaggerated by radiation, may result in gross human 
aberrations. 

Through the historical approach students are led, as preceding para- 
graphs have described, from the work of Mendel and his postulation of he- 
reditary determiners to the work of twentieth century investigators who 
have confirmed the existence of such determiners (genes) and their lo- 
cation on the chromosomes. As an example of the experimental approach 
and scientific inquiry, the chromosome theory provides an outstanding op- 
portunity to appreciate the methods of science. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 547) 


1. Because Mendel’s observations were only on the phenotypic expression 
of his postulated determiners—in other words, the result, not the cause- 
he could not provide direct evidence for the existence of genes or their 
location. 

2. Mendel’s concept of independent assortment was that the two deter- 

miners for a given characteristic separate (during meiosis) inde- 

| pendently of the separation of determiners for any other trait. In 

other words, the association of dominant and recessive determiners 
for different traits occurred at random (according to chance). At 
fertilization, male and female gametes also united at random, pairing 
the genes for different traits in whatever combinations resulted from 
the chance occurrence of the genes in the gametes. 

In mitosis each cell receives a chromosome complement identical to 

that of the parent cell. In terms of hereditary determiners, therefore, 

mitosis provides a physical basis whereby each part of a plant (or an- 
imal) receives the same genetic instructions that were present in the 
fertilized egg. In meiosis and gamete formation, the separation and 
chance assortment of the chromosomes into monoploid gametes, and 
the exchange and recombination of parts of chromatids in synapsis, 
parallel Mendel’s conclusions about the behavior of the hereditary de- 
terminers, which by analysis of his data were indicated as elements 
that segregated and assorted independently of one another. 

4. To account for Mendel’s observations, one would have had to assume 
that each gamete contained a single member of each pair of determin- 
ers, and that these determiners paired or combined with each other 
randomly at fertilization. Therefore, it would have been necessary to 
postulate a mechanism whereby the determiners would first be 389s 
arated, in the preparation Cache (meiosis), and then be recom | 
bined during fertilization. 

5, Poluawing waves of a white-eyed male and red-eyed ee ee 
observed that, while Mendelian ratios were preserved, all the : 

i } i ales. There is a difference be 
eyed See | Gti Uae eae Tra fe ale Drosophila; the Y chromo- 
tween the chromosomes of male an au Sa eS ee 
some in the male seems to be inert.” Conseq' y cee hen 
on the X chromosome always affects the phenotype a a ae: a 
nizable in the male fly, since there $S Oieee of the recessive gene. 
eon mes cirom een s SA direct relation between a particular 
Thus, Morgan found evidence © 


hereditary trait and a particular chromosome. 
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6. If A and B are 20 crossover units apart, and A and C are eight cross- 
over units apart, then the expected crossover between B and C would 
be 12 percent if C is between A and B, or 28 percent if A is between Cand B. 

7. The work of Bridges with nondisjunction provided evidence that the 
distribution of specific genes is identical with the distribution of spe- 
cific chromosomes. In his work with eye color in Drosophila, Bridges 
established beyond question that genes are physically associated with 
chromosomes. Microscopic examinations of the chromosomes of the 
experimental offspring showed that the actual pattern of the X and Y 
chromosomes corresponded to the predicted pattern for the phenotypes 
under consideration. Bridges found perfect agreement among the in- 
heritance of vermilion eye color, the sex of the fly, and the chromo- 
some distribution according to the nondisjunction hypothesis. 

8. In Drosophila, the number of X chromosomes (in relation to the number 
of autosomes) determine the sex of the fly. In humans, the presence of 
a single Y chromosome always produces a male, no matter how many 


X chromosomes may be present. 
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Chapter 32 GENES AND HOW THEY ACT 


RATIONALE 


In previous chapters it has been shown that Mendel’s work established 
the existence of hereditary determiners (genes), and that the work of Sut- 
ton and Bridges demonstrated beyond doubt that the genes are located on 
chromosomes. The next important questions are, ‘‘What is a gene? How 
does it act?” 

The answers to these questions begin with the study of the pneumo- 
coccus bacillus. Fred Griffith, in 1928, noticed that live pneumococcus 
bacteria without capsules could be induced, in some cases, to form cap- 
sules in the presence of an extract of dead pneumococci with capsules. It 
was thus obvious that living pneumococcus cells could be transformed, in 
the presence of some substance from the capsule -forming cells. The work 
of Avery, MacLeod, and McCarty showed this transforming principle to be 
DNA. Later work and interpretation indicated that here was a case where 
genes can be extracted from one organism and be made to enter another. 
As the extract contained only DNA, it was reasonable to conclude that the 
gene is DNA. 

Further work with microorganisms, specifically with viruses, showed 
that only the DNA of a virus enters the host cell and causes it to make 
More viruses; the protein coat of the virus does not enter the host cell 
and thus is not active in the reproduction of the virus. The DNA is the 


8enetic material of the virus. 

The chemical structure of DNA has only recently been elaborated by the 
work of Watson and Crick, who created a model of a DNA molecule show- 
ing the relationship of its purines and pyrimidines to the sugar and phos- 
Phate portions, As is so often the case, the creation of the model posed 
additional problems, the chief of which is how there can be a guannianye 
and qualitative division of DNA molecules, each a double helix with its is- 
tinctive part hidden away in the center. Investigation indicated that e 5 
strands of the double helix become separated much as a zipper is cae A 
and that new nucleotides of the proper KIDS aona. there are two: As each 
Strands, until in place of the one molecu e 3 O AAE 
new DNA molecule is a replica of the original, the process o: m g 

ication.” on-Crick model made 

o A “replication.” Te plicated molecule can be copied 
exactly. That this explanation, or postulated mechanism, ie pega or 
rect one has been strengthened by the work of Meselson an F ENEA 
a heavy isotope of nitrogen in preparing ee oe a scar Arie 
DNA. The actual pattern of incorporation was O served OF cer one ht 
nucleotides with heavy nitrogen) to follow the anticip 


Pothetical mechanism. olecular configuration still 
Knowing that a gene is hat causes them to pass 


does not answer the proble t i 
i they control each anı 
n i ? How, by their action, do th r 3 
every step A i E a T development and metabolism? It is to the sec 
y step of an organism eepo E 


Ond of these questions tha i es work. 
ment that first provided m RAN EEE led the way to a prelimi- 
a i i 2 

Tee eT cae action, in which genes control biochemical re 
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actions within the cell by controlling the production of enzymes. It was 
previously known that enzymes make possible the addition or removal of 
specific groups of atoms from molecules that participate in the essential 
activities of plants and animals. Now it was shown that mutations could 
cause certain enzymes normally found in cells not to be produced, thus 
blocking the biochemical steps controlled by these enzymes. 

Students may at first question why scientists would work with molds, 
but they will understand why when they learn that the discoveries of gene- 
enzyme relationships in Neurospora led to their prediction and confirma- 
tion in humans (for example, in sickle-cell anemia). With the genes’ role 
in controlling the biochemical activities of the cell now being unraveled, 
another question was raised. How does the gene exert its control over the 
enzyme? In answer to this question, it has been shown that by means of 
messenger RNA, transfer RNA, and ribosomes, the order of amino acids 
being synthesized by a cell is specified. The hereditary code contained in 
the DNA molecule is suc’ that it allows for a communication of directions 
for the synthesis of proteins, especially enzymes, and thus exerts an in- 
direct control over all chemical reactions of the cell. 

In considering the role of genes in development, it becomes apparent 
that genes alone do not constitute the entire story of development of the 
organism. The nucleus and its contained genes work in conjunction with 


cytoplasm, perhaps in much the same way that heredity works in con- | 
junction with environment, 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 572) 


1. Two different roles of genes are: (a) ability to pass on replicas of 
themselves; and (b) to control, by their actions, each step of an or- 
ganism’s development and metabolism. 

2. The problem of gene action ma: 
might be to study the embryon 
ferent genotypes to determine 
differences occur 


we may discover the bi i i when a 
certain allele is i e biochemical differences 


3. The pink bread mold Neur i E 
ospora develo al stran 
and produces tufts of pink E ora. O E 


, fats, and vitamins from 


that it is easy to obtain simple t i 
: o i i : = 
can be relatively easily maA for ite: A eae Cono NEEESE 


makes it an excellent organi biochemical constituents 
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biochemical step blocked by mutation had been identified. Many such 
cases were found, which tended to verify the one gene-one enzyme re- 
lationship. 


- An example of a one gene-one enzyme relationship in man is a special 


type of low mentality (a form of idiocy). It has been shown to be the re- 
sult of the blockage of a single biochemical step necessary for the con- 
version of phenylalanine to tyrosine. The specific enzyme necessary 
for the conversion has been identified in the liver of normal individuals; 
it is absent from the liver of persons affected by this type of idiocy. 
Another example is sickle-cell anemia, which involves the simple sub- 
Stitution of a valine unit for a glutamic acid unit at one point in the he- 


moglobin molecule. 


» The DNA of the nucleus controls the synthesis of a specific complemen- 


tary RNA known as messenger RNA. The messenger RNA passes into 
the cytoplasm and becomes associated with the ribosomes. In effect, it 
becomes a template for protein synthesis. Transfer RNA, another sort 
of RNA already free in the cytoplasm, picks up individual amino acids 
and transfers them to the messenger RNA template. A different form 
of transfer RNA exists for each of the twenty or so amino acids. The 
template determines the specific order of linkage of amino acids in 
Polypeptides, from which the proteins are made. The evidence on 
which such a system is postulated is twofold: (a) cells with the most 
RNA are generally the ones most actively engaged in protein synthe- 
sis, and (b) ribosomes of the cytoplasm contain most of the cellular 
RNA. The incorporation of radioactive atoms into molecules has made 
it possible to trace the main steps of protein synthesis. 

One of the unsolved problems of gene action is how different cells be- 
Come specialized in development to do different things, if every gene 
1s present in every cell. Why do some genes seem to produce their 
effect immediately, while others (such as those associated with sex- 
ual maturity and baldness) manifest themselves only later in life? And 
why do some genes fail to show their effect under certain environmen- 
tal conditions? (If fruit flies with genes for v: stigial wings develop at 
high temperature, their wings are almost nor al in length.) We still 
need to find out the primary effect of each gene in order to properly 
appreci ism of gene action. 
In fhe E A A there is evidence for the nuclear 
Control of developmental processes. In the case of feruza Aena 
chin eggs that have been separated along normal San are a Hee 
four-celled stage, each of the four cette Teste control inthe forma- 
arva, Bot se experiments indicate nuc in 3 
tion of PEE EM individuals. If, howey er REN o 
chin eggs are sectioned across their axes t 

fer tilized, both of the resultant half aioe hen cR ree ardless of, 
S ichinaif contained ued dal theveytoplasth must indeed 
Brent chin experiments ees i re able to do in con- 
affect and limit what the genes in the nucleus 4 
ae the pathiof develope the shape of the cap. Therefore, if 
ombined in the same plant, one 
trol to produce an inter- 
involved), or the 


two nuclei of different species were © 
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11. The experimental evidence that links DNA with heredity begins se 
transformation in pneumococcus bacteria; a DNA-containing S 5 
causes nonencapsulated bacteria to be transformed into capsu a a a 
bacteria. Evidence that DNA is the hereditary material of viruse a 
supported by the work of Hershey and Chase. All the evidence oe ty 
accumulated in experiments on organisms from bacteria to comp. ite 
cated animals and plants supports the view that the hereditary aS 
tions in the cell are carried in nucleic acid molecules that in mona 
instances are DNA. The evidence appears conclusive because of 
numerous experimental proofs offered. L! T 
The fact that the mold Penicillium does not require biotin in its vere 
ture medium does not suggest that biotin plays no role in the meta 
olism of the organism. It may be that Penicillium is capable of 
synthesizing its biotin from the simple organic molecules of the 
media on which it is growing. 
Human heredity is difficult to study on an experimental basis partly A 
because of the length of time between generations, but mainly becaus 
of the general feeling against using humans as experimental organ- 
isms for reproductive studies. The present knowledge of human he- 
redity is derived mainly from case history and pedigree techniques, 


which are subject to error because of the inadequacy and inaccuracy 
of records. 


12. 


13. 


14. The genetic mechanisms of all organisms studied thus far seem to be 


tied to DNA. In the absence of any evidence to the contrary, informa y 
tion gained about DNA in simpler organisms can be expected to be ap 
plicable to higher living forms. Limited experimental confirmation, 
from molds to man—as inthe ornithine cycle, for example—supports 


the validity of utilizing with higher organisms the results of experi- 
mentation on simpler forms. 
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chapter $3 GENES IN POPULATIONS 


RATIONALE 


eos chapter focuses attention upon the genetics of populations as a whole, 
er than of individuals. There are numerous complications in population 
Bence: primarily because it is impossible for the geneticist to know every- 
ing he should know about populations if he is to reach accurate conclusions. 
e AU the genes that the members of a population contribute to the next gen- 
ration constitute a gene pool, and any offspring represents a one-member 
Sample drawn from this gene pool. The population geneticist first defines 
he Population with which he is working, then takes as large and as random 
à sample as possible. This random sample will contain a definite ratio of 
€ alleles for a given trait, presumably in the same ratio as for the entire 
Population. As the frequency of the different genotypes remains the same 
Tom generation to generation, the population is in equilibrium (providing 


were i lection). This 
are no ing influences, such as mutation or selection). 
i UEUS í ugh the Hardy-Weinberg 


a Upon analysis it is found r 
entary algebra. Not all students will 
Whaveible and its application, but every C's 
O not only master its use but actually enjoy the 
Sing the Hardy-Weinberg Principle, the genetici 
Uency of a given allele in a population, if he knows acc 


Proportion of only one of the phenotypes in the population. Once the frequen- 
CY of alleles is found, all o! n desired can be determined. A 
3 


nowledge of population genetics sis for dealing with pro- 


©ms in which the welfare of the t 
hough the assumption is made that populations ar 


Know that their gene frequencies are i 


students 
calculations involved. 
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primary factors causing gene frequency to change are mutation, natural se- 
lection, mating preference, isolation, immigration, and emigration. Gene 
pools in transition are characteristic of an evolving population, and when 
gene pools of two populations become different enough, the populations may 
no longer be able to interbreed. This genetic isolation, which takes a long 
time to come about, is basic to the production of new species and essential 
in the process of evolution. 
The students become increasingly familiar with the phenomenon of natural 
selection, heretofore introduced only briefly. To some extent they also be- 
come familiar with the process of artificial selection in the breeding of do- 
mestic animals and plants. The perfection of the techniques of artificial 
insemination has added new dimensions to the phenomenon of artificial se- 


lection; it has been an important device for the breeding of desirable ani- 
mal stocks. 
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Eann- ` “Sa 


10, 


11, 


12, 


tains traits in the same proportion as that in which they occur in the 
entire population. 

The term gene pool describes all of the genes that the members of a 
Population may contribute to the next generation. 

The Hardy-Weinberg Principle helps clarify the nature of the gene 
pool from generation to generation by giving us a mathematical pro- 
cedure for determining the frequencies of the zygote genotype in each 
generation. 

In human populations, the more we know about the distribution of al- 
leles that affect such things as health, intelligence, and other abilities, 
the more success we are likely to have in coping with the problems 
that involve the welfare of the entire population. (For example, steri- 
lization of individuals with abnormally low intelligence is permitted in 
Some states, but not in others.) 

The major factors that cause gene frequencies in the population to 
change are: mutation, natural selection, isolation, and emigration and 
immigration, 

Artificial selection is selection by man, as opposed to natural selection 
(selection by the natural environment). For organisms of great impor- 
tance to him, man selects the purebreds or variants or mutants that 
are allowed to produce the next generation. The use of artificial selec- 
tion has led to sheep with heavier coats, cows that give more milk, 
wheat plants that have more grain in the spike, hybrid corn, and many 
other organisms with desirable traits. eae 

At the outset, plans to improve human heredity face difficulties be- 
Cause: (a) people cannot agree upon what direction of change should be 
Considered ‘‘improvement”’; (b) very little is presently known abot las 
man inheritance, making it difficult to assess hereditary Pronn et 
and (c) regarding even those few traits that are agreed tobejbo i Lest) 
ly hereditary and highly desirable, the idea of ‘‘planned marriagen » 
cab is given serious consideration, in the face of emotional inclina 
lons otherwise. y $ 
The population is 20.5 percent homozygous dominant, nae g 
erozygous, and 29.9 percent homozygous recessive. Ronn SE ai 
Square root of .30 to .547, the students will probably solv: p 


lem as follows: 
.453T .547t 


[20.5200] 26.7791 | 


f the 
The frequency of the r allele is 40 percent (.4). rie E E = 
R allele is 60 percent (.6). Thirty-six Ba TIR 6 = .48) heterozy- 
-36) is homozygous dominant, 48 percent (2 x .4 x .6 e. The frequency 
Eons, and 16 percent (42-16) homozygous eee ea [3 RE 
of i husbands ana rr 5 s ae 
(.36) x Ser (16) = -0876 or 5.70%]. The frequency of matings between 
Rr husbands and rr vir aea m E eee e eateries 
0 \s all the babies of the firs ies in the sec- 
in the populations 8.8 percent, Oniy al of the parios 17 loea 
Ond mating are Rr; their frequency 1S <. rr mothers is 9.6 per- 


mune 
herefore, the total frequency of Rr babies i 
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me 
cent [5.76 Rr+ 3.84 Rr = 9.6% ]. This value is very close to the Pe 
cent figure given in the text. The discrepancy is due in part TE 
that the text uses a figure of 85 percent for Rh-positive indivi 
while this problem assumes only 84 percent. 


REFERENCES 


; 
hers’ 
Some of the statistical material of Chapter 13 (page 402 of the ee 
Handbook) may be useful to the teacher when dealing with the quanti 
aspects of genetics. 
Useful books: 


7 d 
Boyer, S. 1963. Papers on Human Genetics. Prentice-Hall, Englew00 
Cliffs (N.J.) 


, ; s 
Carson, H. 1963. Heredity and Human Life. Columbia University Press, 
New York 


Dunn, L. 1959. Heredity and Evolution in Human Populations. Harvard 
University Press, Cambridge (Mass.) 


Gardner, E. J. 1960. Principles of Genetics, John Wiley & Sons, New 
York 


5 ; s 
Pontecorvo, G. Trends in Genetic Analysis. Columbia University Preez 
New York 


Stern, C. 1960. Principles of Human Genetics, 2nd ed. W. H. Freeman, 
San Francisco 


FILMS 


Genetics, Part VI: The Treasury of Human Genes, No. 12, 1962, (sd, ©» 
28 min), p or r, AIBS (McGraw-Hill) 1962, 
Genetics, Part VI: Blood Groups, Skin Color and Gene Pools, No. 7; 
(sd, c, 28 min), p or r, AIBS (McGraw-Hill) 
Genetics, No. 24: Genetics 


of Mendelian Populations, 1960, (sd, b&W» 


30 
min), p or r, McGraw-Hill 


croner 84 DARWINIAN EVOLUTION 


RATIONALE 


ers, 18 course, Here the students will encounter the aP 

plication of many of 

pattern of continuity through evolution, 
By now the word e 

as the term has bee 


volution should be a part of the students’ vocabulaty? 


, and they are aware of the i i of evolutio 
as presented in the chapters on Besuaee ee Ce tg 
In the beginning of this cou 


; f 
5 rse, the ch i r e unity ° 
life (Part I: Chapters 1-8) stres. apters dealing with th 
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of principles applicable to all living organisms, wheth i 
i 5 er they be m: - 
EEMS, plants, or animals. Unity of living materials and the sigdititence 
; this unity were elucidated many times. The coverage of fungi and of 
Pone m Chapters 12-17 was essentially an evolutionary one; and, in the 
ear a section of the text, the development of various systems through the 
A EE approach laid the groundwork for much that appears in this 
eae The chapters on genetics laid the basis for understanding the 
oh anisms of change that are the essence of evolution, and now this 
apter serves to bring together the knowledge acquired thus far for the 
comprehension of the process of evolution. 
qe study of evolution begins with an account of the classical work of 
eee Darwin. While our concepts of evolution have changed since the 
ned of Darwin, the essential features of the phenomenon of natural se- 
A pon, which is the central theme of Darwinian evolution, remain much 
S a veloped them. They are: (1) the presence of individual hereditary 
aren ions, (2) the tendency for a population to increase in numbers, (3) 
ae eee competition for the needs of life (a struggle for survival), 
mais , a difference in the contribution that different types of individuals 
of indi 9) succeeding generations, leading to a gradual increase in numbers 
i n ividuals best adapted to the environment and a decrease in numbers 
b other individuals. Animals thus become adapted to their environments 
bY natural selection, operating upon hereditary variations over long per- 
lods of time, 
$ The students should know that Darwin was not the first evolutionist; in- 
ee evolutionary thought can be traced back approximately 2500 years, 
Oday Darwinian evolution is interpreted in terms of our increased knowl- 
edge of heredity and of environmental influences. In addition, experimental 
approaches to evolution, regarding adaptation and selection, have contrib- 
uted new evidence concerning the evolutionary process. 

Darwin summarized his evidences under five principle categories: (1) 
evidence from inheritance and breeding; (2) evidence from geographical 
distribution; (3) evidence from the geological record (fossils); (4) evi- 
dence from unity of plan and diversity of pattern (especially homologies); 
and (5) evidence from embryology and rudimentary organs. These five 
Evidences are the ones by which students will judge the soundness of 
Darwin’s approach. Subsequent experimental evidence, unknown to Dar- 
Win, has served to substantiate the theory of evolution. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 610) 

s are reflects the evolutionary process. All 

is the result of evolution, and even life it- 
self evolved from nonlife, beginning with the evolution of the first or- 
ganic compounds from their inorganic environment. Every other fact 
and principle of biology is secondary to evolution. ‘ ay 

2. The tantore Darwin emphasized as the major ones in bringing about 
evolutionary changes were: the presence of Eee a RE 

i increase in numbers of individuals, the strug- 
ape e HOY bta SPESE AERA and the difference in the 


gle for survival among members of a species, : 
contribution that different types of individuals make to succeeding gen- 


erations, Or, more briefly, the major factors are variation and natural 
H ? 


selection. ` f 
3. The entire evolutionary process, and especially the ‘ struggle for sur- 
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1. Everything that organism 
` the diversity in life today 


10. 


KE 
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i 22 ifference in rate of survival and reproduction among 3 
E anis. een called natural selection. In essence, Darwin S 
concept was one of ‘‘the fit live to reproduce; the less fit perish; ae 
Lyell influenced Darwin by describing all the known pagnes aE 
cluding that the earth had been in existence for a long perio F E ER 
during which many changes had occurred. Reading the wor $ sn 
caused Darwin to wonder what the earth was like thousands of y 
ago, and what kinds of organisms existed in early times. 


On the voyage of the Beagle, Darwin was impressed by the tremendous 


ivi i ll chance for 
numbers of living things he encountered and by the sma. ene 
survival of any new individual. He became conscious of the varla 
among animal populations and was particularly challenged by the 
versity among the animals of the Galapagos Islands. His voyage 


provided him with data that proved useful in his formulation of the 
evolutionary theory. 


R e 
. In artificial selection man picks the individuals that will reproduce ti 


following generations. His choices are based on his desires for ina a 
creasing the frequency of occurrence of particular traits such as rT t 
ness of flavor in fruits, speed in horses, disease resistance in vnosa 
etc. In natural selection, on the other hand, those individuals that a 
best adapted to a particular environment are the ones to survive an 
reproduce the following generations (regardless of whether these 3 
adaptations are advantageous to man). Thus, both processes involv ‘ne 
selection of a breeding population, but the selective mechanisms in 
two processes are different. Mrs: Ived 
Lamarck’s explanation of the factors responsible for evolution invo. 

the ‘“‘needs’’ of the organism, the use and disuse of certain parts of d 
body in trying to meet these ‘‘needs,’’ and the inheritance of modifie 
(acquired) characteristics (where “‘practice’’ could make them more 
nearly ‘‘perfect’’). 

While the environment selects genotypes to be preserved and in some 
instances influences the expression of the genotypes, it can neither 
contribute genes to, nor delete genes from, an organism. In an accra 
dent, for example, a person may lose an arm or leg, but this environ 
mental modification is not passed on to the offspring. The work of 


Weismann, involving the amputation of tails of mice over many gen- 
erations, did not induce a 


ny perceptible change in the tail lengths O 
newborn mice. 


Light-colored animals in dark-colored environments are more conn 1s 
spicuous than dark-colored animals, Therefore, light-colored anima 
are more obvious to predators, and they are thus more likely to be i r- 
moved from the population by the process of natural selection. Simila 
ly, dark-colored animals in light-colored environments would be 


selected against by the process of natural selection, The geographic 
locations of deer mice 


a r and birds of various colorations are in keePin® 
with this explanation. 


The advantages of using microorganisms for studies of natural selec” 


A idly» 
tion are that they are hardy, they grow rapidly, they reproduce rapidly: 
they have large number. í id ew Kon 


i 
$ s of offspring, and they can be maintained eand 
ly in a small space, Of great importance is the fact that many gener 
tions can be observed i 


a na relatively short span of time. 3 
According to natural Selection, the extinction or disappearance of a 
species of organism occurs because 


ive- 
the species becomes progress 


eee 


eee 


ly less well adapted to changing environments and proves incapable, 
ultimately, of reproducing enough of its own kind to ensure survival. 
The number of organisms in the species becomes smaller and smaller 
in succeeding generations, thus aggravating the process and eventu- 
ally leading to extinction. 

12. Natural selection is a creative force in the sense of selecting pro- 
gressively better adapted organisms for specific environments. It 
is not a creative force in the sense of adding new genetic material to 


a species. 

13, If adaptations are lost by a spec 
becomes successively less well 
Ultimately, such loss of adaptation leads eithe 
gration to a new environment to which the population is better adapted. 

14. On the basis of the concept of the unity of life, we would expect to find 
the same forces operating on all levels of taxonomic organization, from 
species to higher categories. Evidence from geographic distribution, 
inheritance, fossil remains, homology, morphology, embryology, and 
vestigial organs supports the statement that higher categories arise 
as a result of the same processes as do species. 

15. Fossil remains are studied to discover trends in evolution and to find 
out which fossil animals were ancestral to others. The existence of 
the fossil record, and our ability to date fossils, has made it possible 
to trace changes in organisms over hundreds of millions of years. 

16. The presence of homologous structures and vestigial organs indicate 
relationships between groups of living organisms and their fossil an- 
cestors. As homologous and vestigial structures are modifications of 
a basic structural pattern, they provide evidence of various degrees 


of evolutionary change. ; 

17. A vestigial organ is an organ that has been reduced (by evolution) in 
both size and function. Examples of vestigial organs in man are the 
tailbone, ear muscles, and appendix, all of which presumably are no 
longer being selected for. The presence of vestigial organs indicates 
a relationship between the animals possessing them and other animals 
possessing these structures as functional organs. Vestigial organs are 
thus another structural evidence of change through time 

18, Today the similarities of embryological development among vertebrates 
are interpreted to mean a relationship among groups —not recapitulation 
in the sense of ‘‘ontogeny recapitulates phylogeny.’’ In related groups, 
Similarities of early embryological development followed by differences 
in later stages of development indicate divergent evolution from a com- 


mon ancestor. ? 


ies over a long period, the population 
adapted to the particular environment, 
r to extinction or to emi- 
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cnapter 30 THE MECHANISMS 
OF EVOLUTION 


RATIONALE 


In the preceding chapter, whi i ini i 
pointed rae Perae R hich dealt with Darwinian evolution, it was 


Span of evolutionary time, leads to an impressive number of mutations in 
total, even though individual mutations may be rare. Even in man, if we 
assume 20,000 genes per gamete, the chances of a freshly mutated gene 
are about two in five. Mutation can be speeded up by means of X rays, as 
shown by Muller’s work with Drosophila. 

The fact that most gene mutations are harmful in the environment in 
which the organism finds itself is somewhat masked by the fact that most 
mutant genes are recessive and do not express themselves in the hetero- 
zygous condition. Consequently, harmful genes are often undiscovered for 
many generations, and as recessives, they can persist indefinitely in pop- 
ulations, since they will not be selected against in heterozygous individuals, 
If and when the environment changes so much that a gene formerly con- 
sidered harmful becomes beneficial to the organism, its existence may 
well account for the survival of the species. 

Genetic recombination is as necessary as mutation in providing the var- 
jiability upon which natural selection can operate. From earlier work in the 
course, students are familiar with the fact that offspring of sexually repro- 
ducing animals and plants show greater variability than offspring of asex- 
ually reproducing organisms. The examples in this chapter serve to 
reinforce and elaborate this idea. 

The evolutionary process is based mainly o ; t t 
selection, migration, and isolation. In addition, the size of populations is 
of consequence because, while natural selection guides evolutionary change 
in large populations, in small isolated populations random genetic drift may 
lead to nonadaptive characteristics. All of the listed factors except isola- 
tion produce changes within a species; isolation is a requisite for the origin 
of new species. Isolation may be a factor of time, of geographic separation, 
or of genetic differences. 


Reproductive or genetic isolation al ; 
aration of parts of a population. Once this separation occurs, natural se- 


lection may act in different ways,on the two populations, ultimately leading 
to reproductive isolation, which takes a number of forms. These ined 
failure to produce hybrids, production of hybrids that die when re ani r 
Production of hybrids that are sterile. The mating instincts of the eae 
Populations may be such that individuals do not cross in nature even thoug! 
they may form vigorous, fertile hybrids if crossed ards a 
While the processes described thus far in this chapter usually requi 


i almost instantaneous 
man. ears to create new species, an anec 
y mousands re s. In such cases, meiosis has 


new species is formed when polyploidy occur: p } 
failed to take place before gamete formation, and the offspring have ae 
(or three or four times) the diploid number of chromosomes. The result- 
ant polyploid species conforms to our definition of a See ay ea 
ivi i h other but do not usu 
a group of individuals that can breed with each o M 
Breed with individuals of other species. Colchicine hee Fe ete re r 
i i in cells exposed to it. i 
in doubling the chromosome number in ce 4 
artificial produe lian of polyploid species by man has become possi $ 
The same factors that operate in the formation of new species T p 
erate in the formation of genera and larger groups. Two additional factors 


4 iplicati la- 

i i er groups: (1) the multiplication of popu 
She a ae ea a R ROn of genetic characteristics; and (2) the 
mprehension of these factors 


anisms of evolution. 


n mutation, recombination, 


most always begins by physical sep- 
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ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 632) 


1. The principal mechanisms of evolution are mutation, recombination, 


2. 


100 


and natural selection. 

The fact that mutations are extremely rare, and that they are usually 
harmful, would tend to suggest that they might not provide the raw ma- 
terial for evolution. 

In 1927, H. J. Muller discovered that X rays could be used to induce 
mutations in Drosophila. He studied and analyzed many X ray-induced 
mutations. In fact, itis he who discovered that by far the greatest num- 
ber of mutations are harmful. 

A beneficial mutation is rare, but two factors enhance the probability 


er of genes per organism—usually 
many thousands. Second is the number of organisms in all the popula- 


lions or billions. In large popula- 
tions even rare events are likely to occur. i 


thousands of i 
z , gene comb: 
increases the 


factor, 


| 


10. 


11. 


12. 


13. 


14, 


15. 


The difference between Johannsen’s results and those of the Illinois 
agronomists are due to differences in the amount of genetic variability 


present in the populations before selection began (and not to differences 


in mutation). As garden beans are self-pollinating, they have become 
genetically homozygous at all or most of their gene loci. Hence, the 
different plants of any pure line are practically identical. Corn, on the 
other hand, is normally cross-fertilized, and corn plants are hetero- 
zygous for many pairs of allelic genes. Different inaividuals of the 
same variety of corn differ from each other in gene content much more 
than do beans of the same variety. 

A species consists of a genetically isolated population—that is, a pop- 
ulation consisting of individuals that: (a) can interbreed with one another, 
or at least are related by intermediate varieties that can interbreed 
with varieties at the genetic extremes; and (b) cannot, or do not, inter- 
breed with any other types of organisms and produce fertile offspring. 
Barriers to crossbreeding include: isolation by time, geographic iso- 
lation, and genetic isolation. Genetic (reproductive) isolation takes the 
following forms: (a) failure to form fertile or viable hybrids; (b) the 
formation of vigorous but sterile hybrids; (c) mating instincts that 
discourage individuals of different species from crossing in nature; 
and (d) breeding at different times of the year. 

Reproductive isolation preserves the genetic identity of a population 
and prevents its distinctive characteristics from being shared, by 
crossbreeding, with other types of organisms. 

A polyploid species is a species formed by an increase in the number 
of chromosome sets. One variant results from a cross between two 
existing species followed by a doubling of the chromosome number of 
the hybrid. 

The kinds of variation that occur even in a single species, plus the 
types of evolutionary trends that are deduced from studies of the most 
complete series of fossils, provide strong evidence for the belief that 
the same evolutionary forces that operate today have guided evolution 
in the past. Furthermore, the difficulty that many experienced stu- 
dents of a group of organisms have in agreeing as to whether two spe- 
cies should be placed in the same genus indicates that the origin of 
genera and families of organisms is governed by the same forces as 
those responsible for the origin of species. Two additional factors in 
producing larger categories are the multiplication of populations hav- 
ing a particular combination of genetic characteristics and the ex- 


tinction of intermediate populations. 
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chapter 80 THE ORIGIN 
AND THE HISTORY OF LIFE 


RATIONALE 


i i PA eT ore searching and pene- 
Heres questions. This time the question, “Where did the Animals and 

p aa Hoe today come from?” cannot be parried with the glib mention of 
erating gen S T previously satisfactory answer, ‘from pre- 

: S. e basic issue i i 4 3 
istically for the origin of life e is how science can account mechan 


As science de ; nd 
entists are necessarily mechanistic SVE ate rns one Offered by scii 


` 


eee e aa 
ae, ae pace; not isfactory answer, for the question then be- 
In ree “How did life originate on the planet from which it came to Earth?” 
ae ition to not answering the basic question, the idea of the transport of 
ity Ee ore through space seems highly unlikely. The third possibil- 
thoy Re more likely, namely, that life arose on earth at some time 
a istant past. The hypotheses on which this latter idea is based have 
a me evidence in their favor, and yet it must be remembered that this par- 
cular exploration of the origin of life on earth is a hypothetical one which 
awaits much more evidence before it achieves the validity of the cell the- 
ory, the germ theory of disease, the theory of evolution, or the chromosome 
theory of heredity. 
i According to what has become known as the heterotroph hypothesis of 
ife’s origin, the atmospheré of the primitive earth contained water vapor, 
tee ammonia, and hydrogen. Under certain conditions, molecules of 
Roda compounds must have combined to form organic compounds, As water 
me ensed and built up the earth’s seas, a great many organic compounds, 
à me of which could be expected to react with one another, would have come 
O be in solution in the hot waters of that far-off time. Increasingly com- 
pee molecules would have formed, until at some point in chemical eyolu- 
ìon, molecules that were self-producing could have formed. This would 
have been the point at which life started. 

The work of Miller and Urey indicates that water, methane, ammonia, and 
hydrogen in the presence of electrical discharges combine to form amino 
acids, the structural units of proteins. Sidney Fox’s experiments show how 
these amino acids could form-polypeptide molecules. Melvin Calvin, in 
still other experiments, has demonstrated how some of the simpler mole- 
Cules—the same ones Miller and Urey worked with—could have formed not 
Only amino acids and sugars, but even purines and pyrimidines. Thus, 
there is some evidence that simple molecules can combine into organic 
ones that are self-producing. Such self-producing molecules in the an- 
Cient seas must have been able to obtain energy and building materials 
from other molecules in the solutions in which they were found; thus, they 
were heterotrophs. 

The somewhat later evolution of the photosynthetic process would have 
represented a major step in the evolution of primitive organisms, as it 
enabled the development of autotrophs. Probably for a billion years, the 
dominant forms of life gn earth were microscopic organisms, such as bac- 
teria, molds, and the autotrophic algae. The evolution of the cell may have 
taken an extremely long period of time, but it obviously occurred, Then, 
from the evolved cell came the evolutionary advance of increased size and 
complexity of structure, as discussed in the chapters on animals and 


Plants. 

Although life, according to the reasoning just established, existed long 
before the time that has come to be called the Cambrian period, the fossil 
record of living forms becomes adequate only in the past 600 million years, 

brian times. Dating that long 


or in other words, since the beginning of Cam n t 
f nearly every major phylum of animals 


ago are fossil representatives 0 4 i a 

living today. During and before the Cambrian period, algae and inverte- 

brates dominated the seas, and chordates apparently appeared soon after- 
d. Plants invaded the land, 


Ward, in the waters of the Ordovician perio : 
followed by animals. The first chordates to appear on land were in the De- 


Vonian period, and in Carboniferous times the reptiles arose from the 
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land-colonizing chordates. In the Mesozoic period the dominant reptiles 
gave rise to both birds and mammals, and by the end of this period reptiles 
had passed their evolutionary peak. They were followed in the Cenozoic by 
a proliferation of mammals. All this time the higher plants had been 
evolving. The flowering plants appeared before Cenozoic times and grad- 
ually became the dominant terrestrial plants. 

This panorama of life from its origins in the primordial seas to the 
eventual development and dominance of mammals and flowering plants on 
the land should give students the beginnings of an understanding of the 
changes that have taken place on the face of the-globe and in its living Or- 
ganisms over vast eons of time. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 656) 


1. It is unlikely that life arrived on earth from some other planet because 
the extremes of cold in outer space, coupled with excessive radiation 
and the lack of atmosphere, could not be tolerated by any known form 
of life. Furthermore, the frictional heating of meteors, as they enter 
the earth’s atmosphere, would be enough to kill any organisms that ad- 
hered to them in their journey through space. 

2. Conditions on the primitive earth served to heat it immensely. The at- 
mosphere of today had not yet evolved. In the high temperatures, the 


primitive atmosphere of methane, ammonia, water vapor, and hydro- 


gen could have been activated by lightning and ultraviolet radiation to 
produce organic compounds. A 


; s the earth cooled, water vapor con- 
densed into pools, lakes, and oceans. The organic substances could 
have dissolved in the waters to form a “thot thin soup’’ of amino acids, 
proteins, and ultimately, other nitrogen-containing organic compounds 
that might have given rise to a system that could reproduce. In con- 
Seat Cran today has a lower temperature and an atmosphere 
bates of other seca. oxygen, carbon dixoide, water vapor, and only 


By passing an electrical discharge through a mixture of methane, am- 
menea Water vapor, and hydrogen, Urey and Miller were able to cre- 
ate molecules of amino acids. As amino acids are the structural units 


of protein, the Urey -Mille i i 
chemical origin of aie e wpe iments give some support for the 


4. Fox heated to the melting point a mixture of 18 to 20 amino acids. After 


$ as ound that some of the amino acids had formed polypeptide 
ab bali rne those characteristic of protein. Calvin showed 
ore aa Sates ìon, acting on a mixture of methane, ammonia, hy- 
ars, as well vapor, produces molecules of amino acids and sug- 

, el. as some tentatively identified purines and pyrimidines. 


As the latter are essential to the formation of ATP, DNA, and L 
, 


uA ds further support for the chemical origin of 


oma ¢ life are absent for two main d 
: S and plants were probably small and ha 
ae ove ane fe ae or no traces; second, the sedi- 
trapped lave heen uo aie earliest forms of life may have been 


‘ . ed by h i 
contained in them would have been wea pew eg 


104 


6. Life is believed to have originated in the waters of the earth because 
water is an excellent solvent, an ideal medium of chemical reaction 
and offers a relatively stable environment. Probably nowhere else A 
could the first heterotrophs have found a usable supply of substances 
on which to feed—a supply brought to them by ocean currents and by 
diffusion. 

7. The first recognizable types of organisms on earth were almost cer- 
tainly unicellular or acellular heterotrophs that fed on dissolved sub- 
stances in the ocean waters. 

8. The uplifting lands of the Permian period (at the close of the Paleozoic) 
increased the variety of environments. In place of low continents cov- 
ered with jungles and fairly even in climate, the scene included hills 
and valleys, swamps and deserts, and varied climates. During this 
period of gradually increasing dryness, the reptiles increased in num- 
bers because their eggs could survive away from water. Similarly, the 
seed plants could invade the dryer regions and survive where other 


types of plants could not. 
9. The major features of the Mesozoic era were a new outburst of rep- 


tilian evolution correlated with an increase in land areas.The earlier 
club mosses, horsetails, and ferns were gradually overshadowed by 
cycads, ginkgos, and conifers; the last period saw the rise of the flow- 
ering plants. The Age of Reptiles came to a decline at the end of the 
Mesozoic, but in the early and middle periods reptile stocks had given 
rise to mammals and birds. 

10. The extinction of species weeds out the old and makes room for the new. 
Organisms that formerly occupied habitats disappear, and the habitats 
can then be filled by new and different organisms. Actually, the tran- 
sition does not occur in 1, 2 order as the preceding sentence may 
imply. The two events are coeval: certain organisms die out as (and 
perhaps partly because) others evolve and take their place. 

11. During the early part of the Cenozoic era, or the Age of Mammals, the 
greatest mountain systems of the present were born. These mountains 
modified wind patterns and rainfall, and influenced the formation of 
forests and deserts. Thus they had a marked effect on the environment 
in which mammals were developing. 

12. The early part of the Cenozoic witnessed an explosive evolution of mam- 
mals; all the major groups known today were present. The angiosperms 
became the dominant terrestrial plants, and by the end of the era, the 
plants were essentially like those of today. 

13. The vast coa! deposits in Greenland can be interpreted a 
at one time Greenland was largely tropical and subtropica 
the fossilized remnants of plants that grew in swamps. ’ 

14, theke ras AA increasing differentiation of environments in the Permian 
period. The rising land and increasing variety of climates, many ae 
ing toward dryness, gave the reptiles a great advantage over aaa i- 

ans, because reptilian eggs did not require a watery environment to 


develop into offspring. wee ; 

15. There i no eae explanation for the geri of “he ginoan a 
i f vegetation, a change in the env - 

A change of climate, a change of veg n A nane Ee eles 


P = oe Peel 
ment, or increasin; competition from m À 
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Our story of fossil man begins with the discovery of Pithecanthropus 
erectus, the Java man unearthed by Dubois. Java man, Peking man, Atlan- 
tic man, and other similar finds show the existence, between 600,000 and 
350,000 years ago, of a primitive man able to invent and use tools. The 
recent discovery of Zinjanthropus, in Africa, extends known tool-making 
back to approximately 1,750,000 years ago. In 1858, another discovery, 
of an almost complete fossilized skeleton of Oreopithecus, dates the first 
known representative of the family of man—the Hominidae—at some 10 mil- 
lion years ago. Still farther back, the Miocene remains of Proconsul 
demonstrate the evidence of an early primate primitive enough to have 
preceded the divergence of ape and hominid lines. 

Recently developed and quite accurate dating methods by which to de- 
termine the age of human fossils include the uranium-lead method, the 
potassium-argon method, the fluorine isotope method, and carbon-14 
dating. Prior to the development of these methods, fossils of less than 
600,000 years of age were dated from the glacial or interglacial rock 


Strata in which they were found. 
Mammals arose from reptilian stocks in the Mesozoic. The first pri- 


mates evolved from a line of insectivorous shrews, Lemuroids, tarsiers, 
New World monkeys, and Old World monkeys arose from these early 
stocks. More than 25 million years ago, either in the late Oligocene or 
early Miocene, the ancestors of the apes and of man began evolving along 
separate lines. When we should speak of man as having appeared is un- 
certain, and strictly speaking, is a problem only of terminology. Tool- 
making is now known to be at least 1,750,000 years old, but the first 
hominids to which the name man has definitely been assigned are the 
pithecanthropines—Java man and Peking man. 

The fossil men we know most about are more recent. Just before the 
last glacial advance, Neanderthal man appeared in Eurasia and Northern 
Africa. The successor to Neanderthal man was Cro-Magnon man. Con- 
currently with the physical and mental development of man, his way of 
life and his level of culture gradually improved. Anthropologists interpret 
the invention and improvement of tools as evidence of early man’s intel- 
lectual and cultural development. 

Between 10,000 and 6,000 years ago, Homo sapiens devised clothes and 
learned new skills in foodgathering. The current races of man—Negroid, 
Caucasoid, and Mongoloid—are believed to have resulted from a long his- 
tory of comparative isolation. Isolation extending back as much as 25,000 
years is probably responsible for measurable differences between native 
peoples of different geographic locations. All races of man are similar in 
physical and biochemical characteristics and are comparable in native in- 
telligence. Intelligence seems to be an individual rather than a racial trait, 
and ‘‘human nature’’ appears to be determined in, large part by the cultural 


surroundings of individuals and groups. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 672-73) 


1. Physical traits that seem to be especially characteristic of the human 
species include a broad pelvis, long legs, narrow-flat feet, erect pos- 
ture, relatively unspecialized teeth, independently mobile arms endine 
ingrasping fingers and opposable thumbs, a complex brain, a skull wit 
its juncture to the spinal column relatively far forward, anda voice box 
linked toa speaking mouth. Man and other primates show numerous Sim- 
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. There is uncertainty about the ti 


. Proconsul and Ore 


ilarities in structure and function, in the digestive, respiratory, repro- 
ductive, and other systems. 


. Among the specific anatomical details that man shares with his pri- 


mate relatives are a flattened snout, stereoscopic vision, nails on all 
fingers and toes, and grasping hands. 

Primitive tools found near fossil remains of man are interpreted as 
evidence of man’s ability both to make and to use tools. 

Authorities do not agree as to whether australopithecines should be 
classed with man in the family Hominidae or with the great apes in 
the family Pongidae. In either case, australopithecine fossils are im- 
portant in the study of human evolution because they indicate the ex- 
istence at a much earlier time than previously thought of a primate 
intermediate in position between man and the great apes. 

me when ‘‘manlike’’ and ‘‘apelike”’ 
types diverged, partly because of the fossil record and partly because 
of trouble in defining ‘‘man.”? Fossil finds are so few and so scattered 
in time and location that it is difficult to gather adequate and appro- 
priate evidence. 

With the discovery of Zinjanthropus, tool making was extended back to 
approximately 1,750,000 years ago. Prior to this discovery it was 
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bones and later found more complete skeletons that verified their re- 
constructions. Because certain types of structures are always found 
together, because basic homologous patterns are similar, and because 
members of the same genus and to a lesser extent the same family, 
have certain characteristics in common, reconstruction based upon a 
few critical parts of the skeleton is often attempted and is frequently 
successful. 

12. Fifty thousand years ago, Cro-Magnon man had essentially the ap- 
pearance of modern man. The only noticeable difference was that he 
had a larger skull and was larger in size than most people today. He 
survived in a land inhabited by wild and savage animals, drew superb 
pictures of these animals deep within his caves, carved tools and or- 
naments, and made finely chipped stone points. The fact that he had 
invented neither automobile nor airplane does not reflect on the Cro- 
Magnon’s intelligence—only on his culture. 
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capter SÔ THE CULTURAL EVOLUTION 
OF MAN 


RATIONALE 


This chapter is the last of five specifically concerned with evolution. It 


aaa learned cooperation, and (4) the 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text pages 686-87) 


ike 


* indicating that man a 


Delicately precisioned stone tools, artistic and informative paintings 
and engravings on the walls of caves, and carefully constructed graves 
indicate that prehistoric man had great skill and craftsmanship, the 
ability to use tools, to talk and to transmit knowledge, and to work to- 
gether. Unlike modern man, he had not yet learned to control his en- 
vironment. 

The chief characteristics of the food-gathering way of life were a no- 
madic existence in a search for game and edible plants, the cooking 

of food in open fires or huge pits, and the use of fire to drive game 
animals into places where they could be captured. Detailed knowledge 
of plants and animals, together with knowledge of seasonal fluctuations, 
were a requirement. Food gatherers learned to use every conceivable 
part of their gathered food in a wide variety of ways much in the same 
way as the Plains Indians used the buffalo. The nomadic existence 
probably gave way to one-man rule rather than to prehistoric democ- 
racy because with the advent of agriculture, power would lie in the 
ownership of land, One man could, by marrying his sons and daughters 
into other landowning families, control more and more land. The heads 
of large families thus became local rulers, around whom soldiers, 
priests, tradesmen, artisans, and others came to live. 

Before settled agricultural life was possible, man had to learn what 
plants were of most value to him, what kinds of seeds should be saved, 


and which 
culture. He had to learn how to clear 
to plant (to avoid freezes and droughts), and how to keep destructive 
animals away from the growing crops. He had to defend his land and 
crops against marauding tribes, and he had to harvest the crop quickly 
and store it in edible condition, so that it could be used through the 


long winter. 
To be successful in raising seed c 
that had stiff seed heads and grain 


cereal grains indicate that he made 


rops, man had to select those plants 
that fell out of the hulls easily. His 
this selection very early. The use 
of Old World cotton for cloth is evidence that primitive man had se- 
‘ected a diploid species of cotton for his purposes. Other evidence in- 
ific centers of origin, 


icates the spread of favored plants from speci j 
ER ; lready had selected the plants best adapted to his 
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i vance, an increasing premium is being placed upon: (a) 
Er learn, (b) his tolerance of more and more crowding 
from his fellow men, (c) his adaptability to the growing difficulty of 
“making his mark” as an individual apart from all other people, (d) 
his stability in the face of increasing governmental regulation of so- 
ciety, and (e) his acceptance of his inability to forestall change—for 


sils, bits of clothing, and other c 
years (and more), when man’s l 
fairly rapidly toward the civiliz; 
termination of the Sequence in which various types of tools, utensils, 
and other cultural objects deve —as we have—man’s 
progress from nomadic first civilizations. 
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cnapter 39 THE LIVING WORLD 


RATIONALE 


This and the following chapter are organized on a broad ecological basis, 
dealing with populations of organisms and their relation to the present world 
biome. Having by now analyzed living organisms on the basis of their chem- 
ical and cellular makeup, their development, their unity and diversity, and 
their hereditary and evolutionary patterns, the students will now investigate 
organisms and their place in nature today. 

The concept of an ecosystem includes all the ways in which individual or- 
ganisms, and populations of organisms, interact with one another and with 
their nonliving environment. The ecosystem includes not only all the or- 
ganisms of a given area but their energy sources, their supplies of neces- 
sary elements, provisions for cycling elements between the living and 
nonliving parts of the environment, and suitable climates. 


Organisms have adapted to a wide variety of habitats, and this chapter 
eneral types of habitats in the world. These are: (1) oceans, 


outlines four 
(2) forests, (3) grasslands, and (4) deserts. For each of these the students 
should be able to draw upon their knowledge of plants and animals gained 

earlier in the course to illuminate specific features of the individual types 
of ecosystems. From this chapter the students should gain at least a rudi- 
mentary comprehension of the tremendous variety of habitats populated by 
the earth’s organisms. They should also appreciate the significance of the 
relatively stable environment of the oceans compared with the many and 

changing environments of the land. Adaptation to the various environments 
can be traced to genetic variability and natural selection, which have per- 
fected organisms for almost every conceivable environment on the face of 


the globe. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 706) 


1. The conditions necessary for an ecosystem are : (a) an energy source, 
ü and organisms that are able to use it; (b) a supply of the elements re- 
quired by the organisms of the ecosystem; (c) mechanisms (requiring 
specific kinds of organisms) for cycling the elements between the liv- 

ing and the nonliving parts of the environment; and (d) suitable climatic 


conditions. ; : 

2. The primary producers in the sea—the diatoms, the dinoflagellates, and 
some seaweeds—are dependent on light in order to carry on photosynthe- 
sis. These photosynthetic plants are the basis for all life in the sea; 

“ without these algae to feed upon, the consumers could not survive, and 


ld become sterile. 
as ld reduce the photosynthetic output of plant plankton 


3. A cloudy day wou t 3 i 
Pecel PANNA reduce the amount of light available for photosynthe 
sis. The wind would produce no effect. 

4. The food webs in the surface waters of the open sea and on land are 

: similar in that both rely on autotrophic organisms as a primary taa 
3 i i the primary consumers, prey up 
source. Herbivorous animals, p. y re EE Se 


A OTE 
ts and in turn are preyed upon by carnivores, } 
pee as When the animals and plants die, decomposers return their 
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10. 


11. 


12. 
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elements to the environment, where these elements can be utilized again 
by other living organisms. 


. As both the ocean depths and a cave on land lack light, no primary pro- 


ducers can be present. Therefore, the organisms that live in either the 
depths of the ocean or in a cave depend on food that has filtered in or 
been brought from other environments. 


. Life in the ocean depths can be maintained only if sufficient food drifts 


down from the upper layers and if a supply of dissolved oxygen is avail- 
able to the organisms inhabiting the depths. The temperature and the 
humidity of the ocean depths are very stable. 


. Life in the oceans near the shore is affected by many factors. Rivers 


bring in fresh water and also organic and inorganic materials; and a 
yariety of habitats, such as rocks, pilings, mud, or sand, are available 
to organisms. Life near the shore is subjected to fairly great environ- 


mental extremes—the rise and fall of the tides, changes in water and air 
temperature, and changes in salinity. 


. Environmental conditions that are more stable in the ocean than on land 


include temperature, humidity, and the supply of inorganic substances 
(except in the deep waters of some isolated seas). The tropical rain 


forest is the land environment which most nearly approaches the stabil- 
ity of the seas. 


. While all marine organisms are supported by water, terrestrial plants 


and animals have had to develop suitable supporting structures. More- 
over, land organisms must be able to conserve water and adapt to widely 
varying climatic and physical conditions that prevail on land but not in 
the ocean’s waters. 

Terrestrial plants and animals usually conserve water by means of a 
waterproof (or almost waterproof) covering that keeps water inside the 
body. In addition, respiratory surfaces, such as lungs in chordates and 
air spaces behind plant stomata, are internal in order to reduce evapo- 
ration. Some plants can absorb water after rains and store it for many 
months, and some animals can derive most of their water from the foods 
they eat (and also lose little water in their urine). 

A forest community is characterized by adequate rainfall and a rela- 
tively uniform environment, including shade and protection from the © 
winds, high humidity (due to evaporation of water from the trees),a great 
variety of habitats, and suitable cover. Tropical rain forests are the 
most uniform of terrestrial environments. Grassland communities, as 
opposed to forests, are communities of greater stress. They have mod- 
erate amounts of rain, but are often subject to drought. They tend to be 
dry, exposed to environmental extremes of temperature, humidity, and 
wind. They present a relatively uniform and small number of habitats 
and offer little cover for animals; the type of community that prevails 
depends upon the most unfavorable conditions of the dry years. A desert 
community lacks a rich mat of vegetation because of the dearth of water. 
The environmental stress is much greater than in grasslands. Deserts 
are characterized by low humidity, lack of protection against winds, and 
extreme temperature fluctuations. Relatively little cover and environ- 
mental protection is offered desert organisms. 

A tropical rain forest has almost uniform conditions of water and tem- 
perature. its great variety of species of plants are always green. De- 
ciduous forests, on the other hand, are exposed to greater environmental 
extremes, and their trees are dormant through the winter. A deciduous 


© 


forest consists of relatively few species of trees and does not i 

4 A y t provide 
Terea of variety of either plant or animal life found in a tropical 
13. The main factors accounting for the richness and diversity of tropical 
life are the relatively high, even temperatures and the e EE 
water. The tropics have had a stable environment for a very long time; 
the four glaciers of the Pleistocene did not affect these areas. Next to : 
marine environments, the environment of a tropical rain forest-is the 
most stable known; certainly it is the most stable land environment. 
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smmer40 MAN AND THE BALANCE 
OF NATURE 


RATIONALE 


Chapter 39 introduced the concept of the ecosystem with its interrela- 
tions of organisms and their physical environment. This chapter concen- 
trates on man and his particular relationship to the living world; it might 
be called a chapter on human ecology. It points out that man, who has the 
power to alter his environment, has in some cases altered it wisely and 
in many cases altered it unwisely. In some measure this is a chapter on 
conservation, exhorting man to use his environment for the benefit of pres- 
ent and future generations. 

The emphasis on the first part of the chapter is on man himself, includ- 
ing his triumphs over predators and infectious diseases and his efforts to 
provide adequate food supplies for all people. The problem of unequal food 
distribution remains to be solved. 

With the continued growth of the world’s human population, the need for 
more food, especially protein, becomes an increasingly urgent problem. 

In addition to requiring adequate food supplies, man also requires adequate 
supplies of fresh water. Unfortunately, at the same time that he uses more 
and more water, he is also polluting more and more of his limited supply. 

While the earth’s nonrenewable resources, such as coal and oil, must be 
used wisely to prevent their early exhaustion, its living resources are con- 


stantly renewable. But they, too, require very careful management, for man 
has already been responsible for the extinction of a number of animal spe- 
cies and for the vanishing of many plants from their natural habitats. Man 
has an obligation to so manage his living world that he leaves a heritage of 


food, clean water, and an unravaged environment for future generations. 


ANSWERS TO GUIDE QUESTIONS AND PROBLEMS (text page 719) 


1. With traps, guns, and poisons, man eliminates the larger predatory g 
animals in his vicinity. Similarly, he hunts—for food, for clothing, and 
for pleasure—the large game animals in his immediate environment.” 
He alters the environment by draining swamps, cutting forests, plow- 
ing grasslands, and fencing farms. All of these human activities dras- 
tically reduce the supporting environment for, and thus the numbers of, 
large animals other than man, 
By largely eliminating natural selection as a factor in his own life man 
pn cone P EOS Bis his own evolution. No longer has he found 
ssary to adapt’completely to his envir ; ; = 
O a A y vironment; he adapts the en 
V pes are frequently inadequate because plant proteins do not 
oon ain sufficient amounts of the ten amino acids essential to life. Un- 
less very large quantities of certain types of plant foods are eaten 
individuals will suffer a protein deficiency. i 
4, S ee population increases, we are faced with the problem of 
a see ‘ood production sufficiently just to feed the population, not 
peak of improving the standard of living. Much of the land is heces- 
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sarily nonproductive because it is under ice, or too steep, or too stony, 
or has too little fertile soil. Essentially all the suitable land is now 
being worked. Man must develop better methods of farming, better 
crops, and better animals if we are to have enough food and an ade- 
quate diet. Even today, animal protein is in short supply. The sea is 
potentially man’s greatest hope; water covers over half the land and 
abounds with fish, an excellent source of protein. Sooner or later, 
however, the primary problem will have to be faced—how to win some 
measure of control over the numbers of humans on the earth. 

5. Forests provide a most efficient trap for rain. They protect the soil 
from erosion and allow the land to continue to trap and dole out the 
water man needs. As forests are cut down, the soil is eroded, and 
water runs off rapidly, producing floods and mud-laden, polluted 
streams and rivers. Underground water supplies diminish and rivers 
shrink. The conservation of forests is necessary if we are to main- 
tain an adequate supply of usable fresh water. 

6. The establishment of national parks and wildlife areas preserves for- 
ests and marshes and provides a sanctuary for wildlife. Many animals 
and plants that might otherwise become greatly reduced in numbers, or 
even extinct, are preserved for future generations. The trees them- 
selves control erosion and maintain a supply of fresh water. The rec- 
reational value of these areas cannot be overestimated for ourselves 
or our descendants. 


REFERENCES 


Useful books: 


Bennett, G. 1962. Management of Artificial Lakes and Ponds. Reinhold 
New York s 1 


Crampton, E., and L. Lloyd. 1960. Fundamentals of Nutriti 
P San Francisco aigars = 
ainey, P., and T. Lord. 1952. Microbiology of Wati 
tice-Hall, Englewood Cliffs (N.J.) Sieg pitas 
Hanson, H., and E. Churchill. The Plant Communi i 
r r unity, Reinhol 
Malthus, T. On Population. Modern Library, New York Se ee 


Munves, E., and H, Fleck. Everybody’s Book of Mi i iti 
ESN TO f Modern Diet and Nutrition. 


Sauvy, A., and J. Lenica. Population Explosion. Dell Bo 
; oks, New Y 

Schery, R. 1952. Plants for Man. Prentice-Hall, Englewood Cliffs ie ) 
Sears, P. Where There is Life, Dell Books, New York ra 
Articles in journals: 2 
Deevey, E. S. 1960. ‘‘The Human Population.” Sci. A 

i í : . Am, 203 [3] 1 
McDermott, W. 1961. ‘‘Air Pollution and Public Hsalth.”’ Sci, un a [4] 49 


FILMS 

Ecology, Part IX: Applied Ecology, No. 12, 1 

TAs (McGraw-Hill) gy, No. 12, 1962, (sd, c, 28 min), p or r, 
cology, Part IX: Energy Relations, No. e 
AIBS (McGraw-Hill) a S, No. 3, 1962, (sd, c, 28 min), p or r, 


Ecology, Part IX: Limiting Factors, No. 4, 1963, (sd, c, 28 min) 


AIBS (McGraw-Hill) Porr, 


117 


ee An BAAAL ARAINA TLIF DAI AARIAEF 


Chapter 4l A PERSPECTIVE OF BIOLOGY 


RATIONALE 


This chapter provides a fitting summary of the information, hypotheses, 
and theories of biology. It is an attempt to help students review the impact "J 
of this course in the light of their future roles as adult citizens—as part of J 
an intelligent populace that is not scientifically ignorant. *The chapter is in 
a sense a candid admission that students will not remember a welter of de- 
tail. But they can take away with them a way of thought, a way of looking at 
things, a way of understanding the living world. 

In addition to providing a brief summary of the salient features of the liv- 
ing world, the concluding comments pose a challenge for man, who alone of 
all living organisms, possesses the ability to control the way in which he 
exists as a part of the living world. Intelligent contro z $ 
a OT a 
provide Suggested questions, bibliog ies, it would be presumptuous to 


and films. Instead, the four I 
pages of text provide the teacher with th 5 
A E O A 1e Opportunity to 


demonstrate that K 
urse with inquiring minds— oF: l 
ing in intelligent terms about the problems of tite E chauu é 


o 
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APPENDIX 


FILM LISTINGS 


Abbreviations used in film listings: 


sd = sound b&w = black and white 
si = silent c = color 


P = purchase r = rental 


min = minutes 


FILM PRODUCERS AND MAJOR DISTRIBUTORS 
AIBS - McGraw-Hill 


Text Film Division, McGraw-Hill Book Co., Inc. 330 W. 42 St., New York 
© 36,N. Y. 
ASM r 1 : 
* American Society of Microbiologists, Committee on Visual Aids, School 
of Medicine, University of Pennsylvania, Philadelphia 4, Pennsylvania 
Bajer 
Dr. A. Bajer, Plant Physiology Laboratory, 
Poland É 
Bray 2 
Bray Studios, 729 7th Ave., New York 19, N. Y. 
Carnegie 


Carnegie Institution of Washington, 1530 P. Street, 
D.C, 


Jagellonian Institute, Cracow 


N.W., Washington 5, 
Carousel 


Carousel Films, Inc., 1501 Broadway, New York 36, N.Y. 
Contemporary 


l Contemporary Films, 267 w, 25 St., 
Dowling 
j Pat Dowlin Productions, 1056 k í 
a g 56 S Robertson Blvd., Los Angeles 35, Cali 


New York NEY 
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EBF A 
Encyclopaedia Britannica Films, Inc., 1150 Wilmette Ave., Wilmette, 
Illinois 

Handel 
Handel Film Corporation, 6926 Melrose Ave. » Hollywood 38, California 

IFB z : 
International Film Bureau, 332 S. Michigan Ave., Chicago 4, Illinois 

Indiana : . o 

Audio-Visual Center, Indiana University, Bloomington, Indiana 

MLA 
Modern Learning Aids, 160 E. Grand Ave., Chicago 11, Illinois 

Nebraska 
University of Nebraska, Bureau of Audio-Visual Instruction, Extension 
Division, Lincoln 8, Nebraska 

Phase 
Arthur T. Brice, Phase F 

Roberts Rugh P 
Dr. Roberts Rugh, c/o Columbia Medical Center, 630 W. 168 St., New 
York 32, N. Y. 

Sterling 


Sterling Educational Films, 6 E. 39th St., New York 16, N. Y. 
UW 


ilms, 656 Austin Ave., Sonoma, California 


~ United World Films, Inc. 


- 


, 1445 Park Ave., New York 29, N. Y. 


